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ADDENDA  ET  CORRIGENDA  TO  PART  III. 


Page  901,  line  13  from  bottom,  ^r  "  Weinsheimer "  read  "Wieders- 
heim." 

II       912,  line  2  from  topy /or  "  Teleotomi "  read  "  Teleostomi," 

II       928,  line  17  from  top,  /or  "  Hypocladodus  "  read  "  Hybocladodus,^^ 

II       928,  line  8  from  bottom, /?r  " Scilliidce''  read  "  Scylliidce:^ 

II       944.  Carcharopsis  is  identical  with  Dicrenodus  (p.  928). 

II       945,  line  6  from  bottom,  be/ore  "  no  basal "  cuid  "  usually." 

II  951.  Myriacanthus  has  recently  been  made  the  type  of  a  distinct 
family — the  Myriacanthidce  (see  Appendix). 

II  955.  Ceratodus  has  recently  been  recorded  from  the  Stormberg 
beds  of  the  Karoo  system  of  S.  Africa. 

II       965.  Pnigeacanihus  is  identified  with  Oracanthus  (p.  947). 

II       966,  line  1 1  from  top,  be/ore  "  very  minute  "  add  "  usually." 

II      966,  line  5  from  bottom,  dele  "  minute." 

II       967,  line  4  from  top,/<7r  "  Carboniferous  "  read  "  Devonian." 

II       969,  line  9  from  top,  dele  "  and  Carboniferous." 

II       971,  fig.  905,/^r  "  HebertV  read  "  Hibberti}' 

II  978.  Palceoniscus  occurs  in  the  Stormberg  beds  of  the  Karoo  sys- 
tem of  S.  Africa  ;  and  from  the  underlying  Beaufort  beds  a  fish 
allied  to  Rhabdolepis  has  lately  been  described  as  Atherstonia, 

II  979.  The  name  "  Platysomida  "  should  be  amended  to  "  Platyso- 
matidcp.^ 

II  988,  line  22  from  bottom,  dele  "as  in  Belonorhynchus?^  The 
genus  Belonorhynchus  has  recently  been  described  from  the 
Australian  Hawkesbury  beds  ;  while  Belonostomus,  or  a  closely 
allied  form,  is  recorded  from  the  Lameta  Cretaceous  of  India. 

II  989.  Hypsicormus  has  been  recently  described  from  the  Oxford 
Clay,  and  Eurycomtus  from  the  Kimeridge  Clay  of  England. 

11  1004,  line  20  from  bottom,  /or  "  Saurinichthys  "  read  "  Taurinich- 
thys^' 

It  1033.  A  species  of  Bothriceps  has  been  recently  recorded  from  the 
Karoo  system  of  S.  Africa. 
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ADDENDA  ET  CORRIGENDA  TO  PART  III.  XI 

Page  1035.  The  name  Platyops  being  preoccupied,  may  be  changed  to 
Platyoposaurus,  The  genus  should  apparently  be  included  in 
the  Archegosauriday  since  the  vertebrae  are  described  as  rhach- 
itomous. 

»i  1036.  Capitosaurus  also  occurs  in  the  Bun  ten  The  superiority  of 
size  of  Capitosaurus  over  Trematosaurus  renders  it  more  prob- 
able that  the  former  is  the  same  as  Chiroscturus  (p.  1039). 

It  1036,  1037.  The  alleged  occurrence  of  Mastodonsaurus  giganteus 
and  Metapias  in  the  Rhxtic  rests  on  insulEBcient  evidence.  The 
latter  genus  is  stated  to  have  been  recorded  from  the  Conti- 
nental instead  of  the  British  Rhaetic. 

II  1041,  bottom  line,  dele  "  and  may  not  improbably  be  identical  with 
Ckelotriton,'' 

II  1043,  line  8  from  top,y&r  "each"  read  "hind,"  and  for  "pes" 
read  "  same."  Alytes  occurs  in  the  Miocene  of  Sausan  (Rana 
Troscheli).  Latonia  (p.  1044),  according  to  Cope,  is  not  allied 
to  CeratophrySy  but  belongs  to  the  Discoglossidce ;  it  also 
occurs  in  the  Sausan  Miocene.  The  Palaobatrcuhida  2L\i'^tas 
to  connect  the  Pelobatida  with  the  Aglossa,  as  represented  by 
the  Dactylethrida^  or  Xenofiodtda  as  they  should  properly  be 
called, — Daciylethra  being  a  synonym  of  Xenopus. 

M  1044.  The  name  Cystignaihida  should  be  replaced  by  Leptodacty- 
ItdcBy  Cystignathus  being  a  synonym. 

II     1057,  line  8  from  top,  before  "  characterised  "  add  "  typically." 

II     1057,  line  17  from  top,  before  "  African  "  add  "  typical." 

It  1058-61.  Additional  characters  of  many  of  the  genera  are  given  in 
the  Appendix. 

II     1059,  line  4  from  Va^^for  "  divided  "  read  "  undivided." 

•I     1059,  line  7  from  top,  for  "  single  "  read  "  double." 

II     1 108.  Ocadia  is  distinct  from  Palceochelys,    See  Appendix. 

M  1 1 17,  line  10  from  bottom,  the  name  "  Cyclanorbince  "  may  be  sub- 
stituted for  "  Emydina^  since  the  latter  is  preoccupied. 

II  1 1 26.  ^\nc^  Ichthyosaurus  platyodon  ^\^^x^  from  all  other  species 
of  Ichthyosaurus  by  the  smooth  and  carinated  crowns  of  its 
teeth  (fig.  1028),  it  appears,  on  the  whole,  advisable  to  regard  it 
as  the  type  of  a  distinct  genus,  for  which  the  name  Temnodonto- 
saurus  is  proposed. 

11  1 139.  Rhaphiosaurus  proves  to  be  founded  upon  part  of  a  jaw  of 
Pachyrhizodus  (p.  993). 

•I     1 176,  line  2  from  top,y&r  "  Kimeridgian  "  rec^  "  Portlandian." 

II     1 179,  line  1 8  from  top,  after  "  species  "  add  "  of  the  former."  . 

M     1264,  fig.  1 1 30.  A  is  a  skull  oi  MamSy  and  not  Echidna^  as  stated. 

It     1372,  lines  16, 1 7,  from  top,yZ7r  ^^ Umnotherium  "  read  ^^ LimnohyusJ* 
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PART   III. 


CHAPTER    XLV. 

SUB-KINGDOM   VERTEBRATA, 

General  Characters. 

The  Vertebrata,  or  highest  types  of  the  entire  animal  kingdom,  are 
distingubhed  as  a  whole  from  all  the  preceding  sub-kingdoms  (col- 
lectively designated  as  the  Invertebrata)  by  the  general  presence  of 
an  internal  skeleton,  and  more  especially  of  a  cylindrical  longitudinal 
axis,  termed  the  notochord,  which  is  usually  replaced  in  the  adult 
by  a  series  of  cartilaginous  or  bony  segments  collectively  constitut- 
ing the  vertebral  column.  This  axis,  or  column,  separates  the  smaller 
dorsal  or  neural  tube  of  the  body  from  the  larger  ventral  or  visceral 
(haemal)  tube ;  and  the  body  itself,  together  with  its  appendages,  is 
always  symmetrical  to  this  axis,  and  is  never  externally  divided  into 
segments.  Limbs  may  be  completely  wanting,  but  when  present 
they  never  exceed  two  pairs,  and  are  always  turned  away  from  the 
dorsal  or  neural  aspect  of  the  body. 

That  the  Vertebrata  have  been  derived  from  the  Invertebrata  at 
an  extremely  early  epoch  of  the  earth's  history  is  practically  certain ; 
and,  although  we  are  unable  to  point  to  the  direct  ancestors  of  the 
sub-kingdom,  yet  we  have  an  inkling  of  this  relationship  exhibited 
by  the  presence  of  a  notochordal  structure  in  the  earlier*  stages  of 
the  Ascidians,  while  there  are  also  certain  features  in  the  organisa- 
tion of  the  Annelids  suggestive  of  their  being  allied  to  the  primitive 
stock  whence  the  Vertebrates  took  their  origin.  Since,  however,  it 
is  probable  that  these  primitive  types  were  soft  animals,  it  is  unlikely 
that  any  light  will  be  thrown  on  the  origin  of  Vertebrates  by  means 
of  Palaeontology ;  and  if  the  problem  is  ever  to  be  solved  it  will  be 
by  the  aid  of  Embryology. 
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SgO  SUB-KINGDOM   VERTEBRATA, 

Leaving  then  the  origin  of  Vertebrates  as  an  unsolved  problem, 
in  the  solution  of  which  the  palaeontologist  can  have  but  little  share, 
we  may  proceed  to  a  brief  survey  of  the  classification  and  chief 
structural  features  of  the  Vertebrate  sub-kingdom,  so  far  as  they  con- 
cern the  palaeontologist. 

For  this  purpose  the  sub -kingdom  may  be  divided  into  five 
classes  ^ — viz.,  Pisces  or  Fishes,  Amphibia  or  Amphibians,  Reptilia 
or  Reptiles,  Aves  or  Birds,  and  Mammalia  or  Mammals— -of  which 
some  of  the  more  important  features,  from  the  point  of  view  of  the 
palaeontologist,  will  be  mentioned  under  these  respective  heads. 

The  first  and  second  classes  have  been  brigaded  together  by  Pro- 
fessor Huxley  under  the  name  of  Ichthyopsida,  and  the  third  and 
fourth  as  Sauropsida;  and  these  terms  will  frequently  be  found 
convenient.  Other  writers,  again,  from  the  absence  or  presence  of 
certain  structures  during  the  course  of  development,  group  together 
the  two  first  classes  as  Anamniota  (Anallantoidea,  or  Branchiata), 
and  the  remaining  three  as  Amniota  (Allantoidea,  or  Abranchiata). 

Since  the  hard  parts  of  Vertebrates  are  those  with  which  alone 
the  student  of  Palaeontology  usually  has  to  deal,  it  will  generally  be 
unnecessary  in  this  work  to  make  any  allusion  to  the  soft  parts  of 
the  body.  With,  regard,  however,  to  these  hard  portions,  it  is  ad- 
visable to  give  an  extremely  brief  sketch  of  the  more  important 
elements  of  the  Vertebrate  endo-  and  exoskeieton  for  the  benefit  of 
those  readers  who  are  unacquainted  with  the  elements  of  Compara- 
tive Osteology.  It  must,  however,  be  distinctly  understood  by  all 
who  desire  to  practically  study  the  history  and  structure  of  extinct 
Vertebrates,  that  it  is  absolutely  essential  they  should  have  that 
thorough  knowledge  of  the  osteology  of  the  recent  members  of  the 
sub-kingdom  which  can  only  be  gained  by  familiarity  with  actual 
specimens,  accompanied  by  patient  and  laborious  study  of  the 
numerous  works  on  the  subject.  The  following  sketch  is,  indeed, 
merely  sufficient  to  enable  the  reader  to  understand  the  meaning  of 
the  terms  employed  in  the  sequel ;  and  throughout  the  Vertebrata 
the  limits  of  this  work  will  necessarily  permit  of  only  some  of  the 
more  salient  features  of  the  skeleton  of  the  various  groups  being 
mentioned.  It  may  also  be  observed  that  those  groups  which  have 
wholly  disappeared,  or  of  which  the  palaeontological  and  evolutionary 
history  is*  of  especial  interest,  are  more  fully  treated  of  than  those 
more  or  less  exclusively  confined  to  the  later  or  present  epochs,  and 
of  which  the  history  is  fully  recorded  in  those  works  to  which  the 
term  "  Natural  History  "  is  usually  restricted.  In  the  majority  of 
instances,  again*  space  does  not  permit  of  allusion  to  species ;  but 

*  A  sixth  class  —  Leptocaidii  —  is  formed  for  the  reception  of  the  Lancelet 
{Amphioxus)y  with  which  the  palaeontologist  has,  unfortunately,  no  concern,  as 
its  past  history  is  a  blank. 
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in  the  case  of  very  large  genera,  where  the  species  differ  consider- 
ably in  essential  characters,  attention  is  in  some  instances  directed 
to  the  more  important  specific  types.  The  student  must  not,  more- 
over, expect  to  find  that  every  known  genus  of  fossil  Vertebrates,  or 
even  every  family,  is  mentioned  in  the  following  chapters,  of  which 
the  object  is  to  enable  him  to  gain  a  fair  general  knowledge  of  the 
past  history,  distribution,  and  leading  structural  features  of  the  best 
known  groups  of  the  various  classes. 

Commencing  with  the  outer  skeleton  or  exoskcUton  it  may  be 
observed  that,  as  a  rule,  the  palaeontologist  has  but  little  to  do  with 
structures  developed  in  the  epidermis^  or  layer  overlying  the  true 
skin  or  dermis^  since  these  generally  perish  during  the  process  of 
petrifaction.  The  scales  of  Lizards  belong,  however,  to  this  layer, 
and  their  impressions  are  in  some  instances  preserved ;  while  in  the 
Chelonia  the  boundaries  of  the  horny  shields,  covering  the  bony  shell, 
are  in  some  instances  the  most  important  characters  by  which  fossil 
specimens  can  be  determined.  Occasionally,  again,  as  in  the  Solen- 
hofen  Archaopteryx^  the  feathers  of  Birds  have  left  their  impression 
in  rocks  of  which  the  material  is  of  a  fine-grained  structure ;  while 
still  more  rarely,  as  in  the  bony  covering  of  some  Glyptodonts,  pits 
from  which  hairs  or  bristles  once  grew  are  preserved  in  a  fossil 
state. 

The  dermal  exoskeletal  structures  are  of  considerably  more  im- 
portance from  a  palaeontological  point  of  view ;  and  it  should  be 
observed  that  in  nearly  all  the  classes  there  appears  to  have  been  a 
gradual  tendency  to  the  disappearance  of  the  bony  elements  of  this 
skeleton  in  the  higher  forms,  this  being  especially  marked  in  the 
case  of  Fishes.  In  the  latter  class  the  scales  of  all  types,  of  which 
fuller  mention  will  be  made  in  the  sequel,  belong  to  the  dermis, 
and  in  some  forms  there  may  be  a  complete  dermal  armour  formed 
of  imbricating  scutes,  as  in  Callichthys  among  the  Siluroids,  or,  as  in 
the  Coffer-fishes  {Ostradon\  consisting  of  calcified  scutes  with  their 
edges  in  apposition.  Apparently  the  most  primitive  type  of  dermal 
armour  in  this  class  consists  of  small  denticules  supported  on  bony 
plates,  and  it  has  been  found  that  such  denticules  are  absolutely 
homologous  with  true  teeth,  of  which  we  shall  speak  presently. 
The  hony  fin-rays'^  Sitid  fin-spines  of  Fishes  are  another  development 
of  the  dermal  skeleton,  which  will  be  noticed  under  the  head  of 
that  class;  although  it  may  be  observed  here  that  many  of  the 
latter  are  closely  allied  in  structure  to  teeth.  Again,  the  dermal 
skeleton  in  many  extinct  Amphibians  and  Reptiles  takes  the  form 
of  a  more  or  less  complete  armour,  either  on  the  ventral  or  the 
dorsal,  and  not  unfrequendy  on  both  aspects  of  the  body,  con- 

*  These  dermal  iin-rays  must  not  be  confounded  with  the  radial  cartilages  of 
the  endoskeleton. 
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structed  of  solid  bony  scutes^  which  may  imbricate  or  overlap  one 
another,  like  the  tiles  on  a  roof,  or  may  be  firmly  united  at  their 
edges  by  sutural  union.  Such  an  armour  may  also  develop  enor- 
mous bony  spines,  often  attached  to  the  skin  by  an  expanded  base 
which  represents  the  scutes.  In  the  latter  class,  again,  the  bony 
shells  of  the  Testudinate  Chelonia  are  formed  partly  of  dermal 
elements,  blended  with  others  belonging  to  the  endoskeleton  to 
form  a  continuous  whole;  while  in  the  Athecate  division  of  the 
same  order  the  whole  of  the  protective  armour  is  of  dermal  origin. 

The  so-called  membrane  bones  of  the  skull,  and  the  clavicular 
portions  of  the  pectoral  girdle,  are  likewise  of  dermal  origin,  and 
therefore  properly  belong  to  the  exoskeleton ;  but  their  intimate 
connection  with  cartilage  bones  renders  it  more  convenient  to  con- 
sider them  with  the  endoskeleton. 

Teeth,  as  belonging  to  the  list  of  dermal  structures,  may  be  con- 
veniently noticed  here ;  and  the  importance  of  these  organs  to  the 
palaeontologist  can  scarcely  be  overrated,  since  from  their  extreme 
density  they  are  more  often  preserved  in  a  perfect  condition  than 
most  other  parts  of  the  skeleton,  and  thus  frequently  form  the  only 
safe  guide  to  the  affinities  of  an  extinct  type.  Teeth  are  composed 
of  two  or  more  earthy  constituents,  varying  in  their  structure,  and 
the  amount  of  animal  matter  contained  in  them.  The 
most  important  element  is  that  known  as  dentine  (fig. 
813,  d\  which  forms  the  greater  portion  of  the  body 
of  most  teeth,  and  consists  structurally  of  extremely 
minute  tubes,  cells,  and  earthy  particles.  Some  den- 
tine is  devoid  of  blood-vessels ;  but  in  other  cases  it 
is  permeated  by  the  latter,  when  it  is  known  as  vascu- 
lary  or  vas<hdentine ;  and  both  these  structures  may  exist 
in  a  single  tooth.  In  young  teeth  (fig.  813)  the  centre 
of  the  dentine  mass  is  occupied  by  the  vascular /«^- 
cavity  (J>c)y  which  is  open  at  the  base ;  but  in  the  adult 
this  cavity  is  often  totally  obliterated,  by  the  formation 
of  what  is  known  as  ostechdentine^  which  is  a  kind  of 
vascular  dentine  passing  imperceptibly  into  the  structure 
of  true  bone.  The  second  primary  constituent  is  the 
enamel  (c),  which,  when  present,  immediately  overlies 
the  dentine  of  the  crown^  or  exposed  portion  of  the 
tooth,  and  is  the  hardest  known  animal  substance  \ 
it  is  composed  of  extremely  minute  prismatic  fibres, 
generally  running  at  right  angles  to  the  outer  surface 
of  the  tooth.  This  substance  is  the  least  constant 
element  in  teeth,  although  it  is  very  generally  present 
in  those  of  Mammals  \  among  the  Reptiles  it  is  entirely  wanting  in 
the  Ophidian  Squamata,  but  is  present  in  the  Crocodilia.     The 


Fig.  8x3.— Dia- 
grammatic verti* 
cal  section  of  a 
tooth,  r, Cement; 
//,  Dentine  ;  <:, 
Enamel ;  /c,  Pulp* 
cavity. 
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third  constituent,  usually  known  as  cement  {fig.  813,  e\  but  occasion- 
ally as  crusta  petrosa^  is  the  most  external  of  the  three ;  in  some 
instances,  as  in  fig.  813,  it  is  confined  to  the  root^  or  embedded 
portion  of  the  tooth,  where  it  consequently  comes  into  immediate 
contact  with  the  dentine ;  but  in  other  cases  it  is  found  overlying 
the  enamel  of  the  crown,  and  in  others  again,  where  the  enamel  is 
wanting,  it  forms  the  main  covering  of  the  crown,  as  in  the  teeth 
of  the  Edentate  Mammals.  The  cement  is  always  traversed  by 
vascular  canals ;  and  its  structure  is  very  similar  to  that  of  bone, 
although  only  occasionally  presenting  all  the  peculiarities  of  the 
latter. 

True  teeth  are  generally  confined  to  the  mouth  and  pharynx,  but 
they  may  be  situated  on  many  of  the  bones  of  the  former,  and  their 
mode  of  attachment  varies  from  a  simple  anchylosis  to  the  under- 
lying bone,  to  implantation  in  distinct  sockets.  The  simplest  forms 
of  teeth  are  small  granular  bodies,  like  the  minute  ossifications 
already  mentioned  as  occurring  in  the  skin  of  certain  Fishes ;  while 
those  of  the  most  complex  structure  are  to  be  found  in  certain  Fishes 
{Dendrodus)y  in  the  Labyrinthodont  Amphibians,  and  among  Mam- 
mals in  the  Edentate  genus  Orycteropus  and  many  Rodents  and 
Ungulates.  Except  in  forms  where  all  are  alike,  as  a  general 
rule  the  teeth  at  the  anterior  extremity  of  the  jaws  are  more  or 
less  simple,  while  there  is  a  gradual  increase  in  their  complexity 
towards  the  opposite  end,  and  in  most  cases  the  lower  teeth  are 
narrower  and  more  elongated  in  an  antero-posterior  direction  than 
the  upper  ones. 

The  importance  of  teeth  to  the  palaeontologist  as  a  means  of 
determining  the  affinities  of  fossil  forms  has  been  already  mentioned  ; 
but  in  many  cases  their  evidence  must  be  supplemented  either  by 
that  of  other  remains,  or  of  the  geological  horizon  whence  they  were 
obtained ;  since  otherwise  serious  error  may  result.  Thus,  the  teeth 
of  the  Dinosaurian  Megalosaurus  present  a  strong  resemblance  to 
some  of  those  of  the  Mammalian  Macharodus;  while  the  front  teeth 
of  some  Sparoid  Fish  approximate  to  those  of  the  Primates ;  and  the 
lower  hinder  teeth  of  the  Kangaroos,  of  the  Dinothere  among  the 
Proboscidea,  and  of  the  Tapir-Uke  animals  in  the  Perissodactyla,  are 
all  singularly  alike  in  form.  Another  fertile  source  of  error  to  be 
guarded  against  is  the  great  difference  in  the  form  of  the  teeth  from 
different  regions  of  the  mouth. 

For  the  microscopic  structiu-e  of  teeth  and  their  mode  of  develop- 
ment, the  student  must  refer  to  other  works  \  but  a  large  number 
of  the  more  important  types  of  dental  structure  will  be  found  noticed 
in  the  course  of  the  following  pages. 

By  far  the  greater  number  of  adult  Vertebrates  possess  a  solid 
inner,  or  endoskeleton^  composed  of  bone  (into  the  nature  of  which 
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it  will  be  unnecessary  to  enter  here) ;  but  in  others  this  skeleton 
remains  cartilaginous  throughout  life,  or,  as  in  many  Sharks,  has 

solid  structures  formed  by  calcifications 
in  the  cartilage,  which  are  quite  distinct 
from  true  bone.  This  endoskeleton  may 
be  divided  into  an  axial  portion^  or  that 
of  the  head,  trunk,  and  tail ;  and  an  ap- 
pendicular portion  supporting  the  limbs  ; 
the  relations  of  the  two  being  shown  in 
fig.  814.  The  anterior  part  of  the  axial 
skeleton  is  formed  by  the  skull  (of  which 
we  shall  speak  later) ;  and  this  is  suc- 
ceeded posteriorly  by  the  vertebral  column^ 
typically  composed  of  a  number  of  seg- 
ments, known  as  vertebra^  placed  in  the 
middle  line  of  the  dorsal  side  of  the 
body,  and  continuing  from  the  head  to 
the  extremity  of 
the  tail.  This 
column  is  devel- 
oped round  a  rod- 
like axis  known 
as  the  notochord. 
In  certain  of  the 
lower  forms  the 
latter  may  persist 
throughout  life, 
and  may  either 
simply  have  a 
fibrous  or  carti- 
laginous sheath, 
or  may  have  cal- 
cifications, or  car- 
tilages, in  either  the  dorsal  or  ventral  por- 
tion ;  and  there  is  a  complete  transition 
from  such  a  primitive  type  of  column 
to  that  of  the  more  specialised  types  in 
which  the  vertebrae  are  fully  ossified. 
There  is  an  enormous  amount  of  variation 
in  the  structure  of  the  vertebrae  of  differ- 
ent groups,  and  even  in  the  different 
regions  of  the  body  of  a  single  animal, 
but  there  is  one  general  plan  pervading  them  all.  Thus  a  typical 
vertebra  (fig.  815)  consists  of  a  basal  portion,  or  centrum^  which 
may  be  either  disk-like  or  more  or  less  elongated.     Its  posterior 


Fig.  815.— Left  lateral  view 
of  an  imperfect  amphicoelous 
dorsal  vertebra  of  a  Dicynodont 
Reptile.  */,  Neural  spine 
(broken);  /k,  Prczygapophy- 
sis ;  //.«,  Postzygapophysis ; 
//.Transverse  process  (broken) ; 
Rib'izxxx  on  the  centrum ; 
Muscular  ridges. 


Fig.  8x4.— Under  surface  of  a 
Labyrinthodont  Amphibian  (JSet' 
Uya)f  with  the  dermal  armour  re- 
moved from  the  left  side  in  order 
to  show  the  endoskeleton.  Greatly 
enlarged.    (After  Fritsch.) 
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and  anterior  surfaces,  by  which  (with  the  intervention  of  cartilages) 
it  articulates  with  the  adjacent  centra,  may  be  nearly  flat  or  con- 
cave, when  it  is  said  to  be  amphicalaus  (flg.  815);  or  its  anterior 
surface  may  be  more  or  less  hollow,  and  the  posterior  convex  (fig. 
816),  when  it  is  term^  procalous ;  or,  lastly,  the  reverse  of  the  lat- 
ter arrangement  may  obtain,  when  the  centrum  is  termed  opisthocal- 
tms;  an  example  of  the  latter  structure  being  shown  in  the  vertebra 
of  Calamospondylus  given  in  the  sequel  (fig.  107 1).  Immediately 
above  the  centrum  is  the 
aperture  of  the  channel  for 
the  reception  of  the  spinal 
cord,  known  as  the  neural 
canal  (fig.  816);  this  canal 
being  enclosed  laterally  and 
superiorly  by  the  neural 
archeSy  which  are  surmounted 
by  the  neural  spine  (figs.  815, 


Fig.  816.— Anterior  (b)  and  posterior  (c)  views  of  a 
procoelous  dorsal  vertebra  of  a  Lacertiai 


ilous  dorsal  vertebra  of  a  Lacertian   Reptile 

iMus).    The  part  above  B  and  c  is  the  centrum ; 

the  anerture  the  neural  canal,  above  and  round  which 

8/:\         Tk^    1««fA«^1    r^r^^irxnt!     ***  *"*  neural  arches,  surmounted   by  the  neural 
10;.         ine    laierai   ponions     spine;  the  oblique  facete  are  the  zygapophyses,  and 

of  this  arch  are  termed  the  'V.  l^^^^.  prominence*  the  transverse  processes. 
V*    xMMx^   cuv,«A    .Mw    vx<*  ».v,v.    w    w     ^.jjich  arc  here  very  short. 

pedicles  (fig.  8 1 7,  «),  and  the 

parts  connecting  the  latter  with  the  spine  the  lamina.  The  arch,  it 
should  be  observed,  always  ossifies  separately  from  the  centrum, 
and  the  line  of  junction  between  the  two  when,  as  in  many  Rep- 


Fig.  81^.— A,  Obliaue  anterior  view  of  the  lumbar  vertebra  of  a  Whale,  b,  Diagrammatic  trans- 
verse sectioa  dr  the  bones  of  the  thoracic  region  of  a  Mammal.  Greatly  reduced,  a,  Prezyea- 
pophyses ;  b.  Sternum ;  c,  Centrum ;  </,  Transverse  process ;  »,  Pedicle  of  arch ;  /,  Sternal  rib ; 
r,  Rib ;  s^  Netural  spine.    (After  Owen.) 

tiles,  they  remain  distinct,  is  known  as  the  neur<hcentral  suture. 
The  neural  arch  bears  a  pair  of  processes,  or  facets,  at  either  ex- 
tremity for  articulation  with  the  adjacent  vertebrae;  those  at  the 
anterior  extremity  (fig.  816,  b)  being  known  as  prezygapophyses^  and 
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looking  inwards  and  upwards ;  while  those  at  the  other  extremity 
(fig.  816,  c)  are  termed  postzygapophyses^  and  look  downwards  and 
outwards.^  Besides  these  processes  for  mutual  articulation,  there 
are  other  processes  on  many  vertebrae ;  the  most  constant  being  the 
transverse  processes,  or  diapophyses,  which  may  be  very  short  as  in 
fig.  816,  or  gready  elongated  as  in  hg.  817,  a,  d.  These  transverse 
processes  may  arise  either  from  the  arch  or  from  the  centrum,  and 
in  the  trunk  frequently  serve  for  the  main  attachment  of  the  ribs 
(fig.  817,  b).  In  fig.  816  we  have  an  example  of  a  vertebra  with 
very  short  transverse  processes  placed  mainly  on  the  centrum,  while 
in  the  vertebra  of  Iguanodon,  figured  in  the  sequel  (^g,  1058),  we 
see  very  large  transverse  processes  arising  solely  from  the  arch. 

The  sides  of  the  centrum  in  the  anterior  region  of  the  body 
frequently  carry  other  articular  processes  for  the  ribs,  which  may 
be  termed  rib  or  costal  facets  {^g,  815,  cp\  or  parapophyses. 
Again,  the  inferior  or  haemal  surface  of  a  vertebra  may  bear  a 
hamai  spine — ^the  term  haemal  being  applied  to  the  inferior  as- 
pect on  account  of  its  being  directed  towards  the  heart  and  large 
blood-vessels.  Each  vertebral  centrum  carries  its  own  arch;  but 
between  the  true  centra  of  the  Ichthyopsida  there  may  be  inter- 
calated centra-like  bodies,  carrying  no  arches,  and  termed  intercentra. 
Rudiments  of  such  intercentra  occur  in  the  so-called  wedge-bones  or 
hcemapophyses,  found  between  the  lower  borders  of  the  centra  in 
certain  Reptiles,  and  more  especially  between  the  first  and  second 
vertebrae.  Further,  the  Y-shaped  chevron-bones^  usually  articulating 
between  adjacent  vertebral  centra  in  the  tail  of  many  Vertebrates, 
are  also  morphologically  intercentral  elements.  In  Fishes  the  ver- 
tebral column  can  only  be  divided  into  trunk  and  caudal  regions ; 
but  in  the  majority  of  higher  forms  further  divisions  can  be  made. 
Thus  the  vertebrae  of  the  neck,  in  which  the  ribs  never  articulate 
with  the  sternum,  are  termed  cervical  (fig.  818,  c)\  the  first  of  this 
series  being  designated  the  atlas,  and  the  second  the  axis.  It  is 
further  remarkable  that  in  most  instances  the  centrum  of  the  atlas 
is  not  joined  to  its  arch,  but  either  remains  as  a  distinct  element,  or 
becomes  anchylosed  to  the  front  of  the  centrum  of  the  axis  to  form 
the  so-called  odontoid  process ;  and  it  appears  that  in  the  latter  case 
the  inferior  bar  connecting  the  two  lateral  arches  of  the  atlas  is 
really  the  remnant  of  the  first  intercentrum.  It  is,  moreover,  prob- 
able that  this  separation  of  the  component  elements  of  the  atlas 
should  be  regarded  as  a  retention  of  the  primitive  feature  obtaining 
in  the  vertebral  column  of  many  extinct  Fishes  and  Amphibians, 
where,  as  will  be  noticed  below,  the  whole  of  the  vertebrae  are  thus 
disintegrated.      Finally,  it  has  been  suggested  that  certain  bony 

^  These  are  well  seen  in  the  vertebra  of  Calamospondylus  above  mentioned. 
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splints  overlying  the  arch  of  the  atlas  in  Crocodiles  represent  a 
vertebra  intercalated  between  the  latter  and  the  cranium,  for  which 
the  name  proatlas  has  been  proposed.  It  is,  however,  by  no  means 
proved  that  these  splints  do  not  belong  to  the  atlas  vertebra,  so 
that  an  authority  like  Mr  Hulke  is  disposed  to  doubt  the  validity  of 
this  alleged  additional  vertebral  segment. 

In  such  Vertebrates  as  have  the  hind  limbs  well  developed,  one 
or  more  of  the  vertebrae  in  the  hinder  part  of  the  trunk  differs  from 
the  rest,  and  forms  a  sacrum  (^^^.  818,  s\  which  articulates  by 
anchylosed  ribs  with  the  pelvic  girdle.  The  vertebrae  forming  the 
region  between  the  sacrum  and  the  last  cervical  vertebrae  in  the 
higher  forms  consist  posteriorly  of  a  lumbar  series  (fig.  818,  /), 


Fig.  818.— Skeleton  of  an  Armadillo,  showinj;  the  regions  of  the  vertebral  column.  <:,  Cervi* 
cal :  d^  Dorsal ;  /.  Lumbar ;  x,  Sacral ;  /,  Caudal  region  or  tail,  llie  pectoral  girdle  is  below  </, 
and  the  pelvic  below  s.    Reduced. 

without  or  with  very  short  ribs,  and  anteriorly  of  a  dorsal  series 
(fig.  818,  d)^  provided  with  long  ribs,  of  which  the  anterior  ones 
articulate  widi  the  breast-bone  or  sternum.  In  many  Amphibians, 
however,  in  which  (as  in  many  Reptiles)  there  is  no  sternum,  the 
ribs  continue  throughout  the  lumbar  and  some  of  the  caudal  series, 
as  in  fig.  814,  so  that  no  distinction  can  be  drawn  between  dorsals 
and  lumbars,  and  the  series  between  the  cervicals  and  sacrals  is 
consequently  called  dorso-lumbar.  The  term  caudal  is  applied  to 
all  those  vertebrae  posterior  to  the  sacrum.  Moreover,  where  there 
is  no  sternum,  it  is  frequently  difficult  to  draw  an  exact  demarcation 
between  cervical  and  dorsal  vertebrae,  and  we  are  compelled  to  rely 
on  analogies  drawn  from  the  mode  of  articulation  of  the  ribs. 

Ribs^  which  have  been  already  mentioned,  are  nearly  always 
present  in  the  dorsal  region,  and  may  occur  throughout  the  length 
of  the  vertebral  column.  According  to  the  views  of  Dr  Baur,  they 
are  to  be  regarded  as  originally  intervertebral  structures,  since  they 
are  attached  in  some  of  the  earlier  forms  to  the  vertebral  inter- 
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centra ;  but  by  the  disappearance  of  the  latter  they  have  frequently 
become  transferred  to  the  centra  or  their  appendages,  although  in 
other  cases  their  original  derivation  is  indicated  by  their  articulation 
at  the  junction  of  two  vertebrae.  Very  generally  ribs  articulate  with 
the  vertebral  column  by  two  distinct  heads,  which  is  probably  the 
original  primitive  type  of  structure.  In  these  cases  the  anterior  or 
lower  head  is  termed  the  capitular^  and  articulates  with  the  rib- 
facet  or  parapophysis  on  the  vertebral  centrum  (fig.  815,  cp)\  while 
the  posterior  or  upper  head  is  known  as  the  tubercular^  and  in  the 
dorsal  vertebrae  articulates  with  the  transverse  process  or  diapophysis 

of  the  arch.  In  the  dorsal  ribs  the 
two  heads  may,  however,  coalesce, 
and  articulate  with  a  facet  on  the 
centrum,  or  with  a  longer  or  shorter 
transverse  process  on  the  arch.  Fre- 
quently, moreover,  while  the  anterior 
dorsal  ribs  have  double  heads,  the 
posterior  ones  have  but  a  single  head 
articulating  with  the  transverse  pro- 
cess. In  the  caudal  region  of  many 
Reptiles  true  ribs  articulate  with  the 
upper  part  of  the  centrum,  and  ex- 
cept as  being  separate,  are  indis- 
tinguishable from  the  caudal  trans- 
verse processes  of  many  Mammals, 
such  as  the  Cetacea  {^%.  817). 
Cervical  ribs  are  present  in  most 
Reptiles,  and  usually  articulate  by 
two  heads  to  the  vertebrae  —  the 
upper  head  joining  a  facet,  generally 
placed  on  the  arch,  corresponding 
to  the  transverse  process  of  the  dorsal  vertebrae,  and  the  lower  one 
articulating  to  another  facet  on  the  centrum.  Very  rarely  in  Rep- 
tiles these  cervical  ribs  may  be  completely  anchylosed  to  the  ver- 
tebrae, as  in  the  vertebra  of  Calamospondylus^  figured  in  the  sequel 
(^%,  107 1) ;  and  this  suggests  that  at  least  a  portion  of  the  so-called 
transverse  processes  of  the  cervical  vertebrae  of  Mammals,  which 
arise  from  the  vertebrae  by  double  pedicles,  really  correspond  to 
cervical  ribs.  In  the  Sauropterygia  both  heads  of  the  cervical 
ribs  articulate  with  the  centrum. 

When  a  sternum  is  present  the  distal  ends  of  the  dorsal  ribs  are 
generally  unossified,  and  are  sometimes  termed  intermediate  ribs 
{iry  fig.  819);  and  these  unossified  elements  unite  distally  with  the 
sternal  ribs  {sr\  which  in  their  turn  join  the  sternum  (fig.  817,  b,  ^). 
Further,  among  the  Sauropsida  lateral  ossifications  may  be  developed 


Fi^.  810. — Sternal  region  of  a  young 
Ornithorhynchus.  <:,  Clavicle;  /,  Inter- 
clavicle  ;  /,  Presternum  ;  wx,  Mesoster- 
num;  r,  Rib;  ;>,  Intermediate  rib;  xr, 
Sternal  rib.    (After  Flower.) 
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Fig.  820.— Left  lateral  view  of  the  skull  of  an 
embrvo  Dog-fish,  tr,  Left  trabecula;  n,  o,  a, 
Nasal,  orbital,  and  auditory  capsules :  /»,  Ay^  br^ 
Mandibular,  hyoid,  and  branchial  arches ;  c/,  r, 
Hyomandibular  and  first  branchial  clefts.  (After 
Parker.) 


on  the  ribs,  termed  uncinate  processes^  of  which  the  position  is  shown 
in  the  figure  of  the  skeleton  of  the  Eagle  given  below  (fig.  1 106). 

The  breast-bone  or  sternum  (figs.  817,  819)  is  usually  composed 
of  a  median  series  of  bones  or  cartilages  on  the  ventral  aspect  of  the 
body,  which  is  divisible  in  the  higher  groups  into  an  anterior  pre- 
sternum^ usually  consisting  of 
a  single  ossification ;  and  of  a 
series  of  mesostemal  elements, 
followed     posteriorly    by    the 
xiphistemum.     In  many  Saur- 
opsida  the  sternal  bones  have 
long  lateral  processes ;  and  the 
ossifications  in  this  class  may 
consist    of   a    pair    of    bones 
united  by  cartilage. 

The  skull^  or   anterior  ter- 
mination of  the  axial  skeleton, 
now  claims  our  attention,  but 
the  description  of  this  impor- 
tant  and    difficult    part    must 
be  of  the  briefest      The  re- 
searches of  embryologists  have  shown   that   the   skull   is   only  a 
special  modification  of  the  primitive  elements  from  which  the  rest 
of  the  axial  skeleton  were  formed,  although  it  does  not  consist,  as 
was  once  thought,  of  a  series  of  modi- 
fied vertebrae.     The  skull  is  divisible 
into  a  dorsal,  or  cranial^  and  a  ven- 
tral, or  visceral^  portion ;  the  former, 
originating  from  a  series  of  primitive 
segments  {somites)^  encloses  the  brain- 
cavity  ;  while  the  latter,  which  has  a 
segmentation    of   distinct    and    later 
origin,  is  primitively  connected  with 
the  function  of  respiration. 

The  earliest  commencement  of  the 
primitive  cartilaginous  cranium  occurs 
in  the  formation  of  a  pair  of  rod-like 
trabecule  (fig.  820),  lying  at  the  base 
of  the  brain,  of  which  the  posterior 
parachordal  parts  embrace  the  ex- 
tremity of  the  notochord  {^g,  821). 
These  parachordals  soon  unite  to  form 
a  basilar  plate  supporting  the  brain 

(fig.   821);    while  the  anterior  prochordal  parts  unite  in  front  to 
enclose  a  space  {ibid,,  of)  for  the  passage  of  the  olfactory  nerves, 


Fig.  8a I.  —  Upper  view  of  a  later 
embryo,  c/,  Comu  of  trabecule;  ^/ 
xndpt/,  Preorbital  and  postorbital  pro- 
cesses of  do. ;  f ,  Ethmonasal  septum ; 
^,  Basilar  plate;  no.  Notochord;  0/, 
Olfactory  foramen.  Other  letters  as  In 
fig.  820. 
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the  united  portion  forming  the  ethmonasal  septum  {ibid.^  s).  By  the 
approximation  of  the  basilar  plate  to  the  nasa/,  orbital^  and  auditory 
capsules^  these  three  distinct  sense-regions  become  diflFerentiated  in 
the  cranium ;  and  while  the  first  and  third  become  enclosed  in 
cartilage,  the  lateral  borders  of  the  basilar  plate,  in  some  instances, 
grow  upwards  to  enclose  the  brain  in  a  complete  cartilaginous 
capsule,  which  in  certain  Sharks  (fig.  822)  persists  throughout  life. 
In  the  higher  forms,  however,  the  cartilage  does  not  extend  upwards 
over  the  brain,  which  becomes  roofed  in  by  bone  formed  direcdy 
from  the  overlying  membrane. 

The  visceral  portion  of  the  skull  is  formed  by  cartilages  arranged 
in  a  series  of  arches  in  the  walls  of  the  throat  {^^^,  820).  In  the 
Ichthyopsida  there  may  be  as  many  as  nine  of  these  visceral  arches^ 
but  in  the  other  three  classes  they  become  reduced  in  number  to  at 
most  three  or  four,  which  are  also  functionally  modified.  The  first 
arch  (fig.  820,  m)  supports  in  all  cases  the  walls  of  the  mouth,  and 
is  accordingly  called  the  mandibular  arch ;  the  second  is  termed  the 
hyoid ;  while  the  remaining  ones,  which  persist  only  in  the  adults  of 
Fishes  as  supports  of  the  gills  or  branchice,  are  termed  branchial. 
It  should  further  be  observed  that  these  arches  are  separated  from 


-4^    ^*   pr^i^ 
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Fig.  8a2.— Left  lateral  view  of  the  cartilaginous  skull  ot  a  Shark  {Notidanus\  greatly  reduced. 
/?,  Rostrum  ;  AF.  PF^  Pre-  and  post-orbital  processes;  Orb^  Orbit ;  NK^  Ni^  capsule  ;  +, 
Articulation  of  palatopterygoid  {PQ)  ;  C,  Articulation  of  Meckel's  cartilage  (3/</) ;  Z,  Teeth  ; 
iVSy  Vertebral  colunrn.    (/Jter  Wiedersheim.) 

one  another  in  the  embryo  by  a  series  of  visceral  clefts  (fig.  820),  of 
which  the  respiratory  apertures  of  Sharks  are  remnants.  The  man^ 
dibular  arch  becomes  divided  into  segments,  consisting  of  a  short 
proximal  portion  known  as  the  quadrate^  which  very  generally  forms 
the  main  support  of  the  lower  jaw  \  and  a  long  distal  portion  known 
as  MeckePs  cartilage^  around  which  the  mandible^  or  lower  jaw,  is  sub- 
sequently formed  in  those  forms  which  develop  membrane  bones,  but 
which  in  the  Sharks  persists  throughout  life  as  the  functional  lower  jaw 
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(fig.  820).  The  quadrate  gives  off  an  znienor  paiatopterygoid  {paia- 
toquadrate)  bar,  which  in  Sharks  (fig.  822)  persists  to  form  a  kind 
of  false  upper  jaw.  The  hyoid  arch,  which  is  close  to  the  mandi- 
bular, and  which  in  Fishes  may  also  take  a  share  in  the  support  of 
the  mandible,  is  likewise  segmented  \  the  most  important  elements 
in  the  latter  class  being  the  hyomandibular  and  the  sympUcHcy  which 
are  shown  in  an  ossified  condition  in  fig.  823,  hm^  sy.  As  already 
mentioned,  in  Sharks  the  primitive  cartilaginous  skull  is  complete, 
and  persists  in  this  condition  throughout  life;  but  in  the  great 
majority  of  Vertebrates  the  progress  of  chondrification  is  arrested, 


Fift.  8a> — Left  lateral  view  of  the  suspciuorial  and  mandibular  region  of  the  skull  of  a  Salmon. 
A«r.  Hyxjmandibular:  mt^,  Mctapterygoid  ;  ^»,  Quadrate;  sy^  Symplectic ; /«,  Preopercular ; 
w,  Interopcrcular ;  so^  Subopercular ;  o^  Opercular ;  ar,  Articular  ;  d^  Dentary.    (After  Parker.) 

and  the  skull  becomes  more  or  less  completely  covered  in  with  a 
series  of  ossifications  developed  in  the  membrane  overlying  the 
brain,  while  the  cartilaginous  foundation  itself  is  likewise  converted 
into  bone.  Bones  derived  firom  these  two  totally  distinct  sources 
amalgamate  in  the  adult  in  such  a  manner  as  to  afford  no  clue  to 
their  dual  origins.  Following  a  modification  of  an  arrangement 
adopted  by  Professor  Weinsheimer,  the  more  important  bones  of 
the  cranium  may  be  enumerated  as  follows  :  the  relative  position  of 
most  of  them  being  shown  in  figs.  824  and  825.^  The  cartilage 
bones  comprise  the  basioccipital^  basisphenoid,  and  presphenoid^ 
which  are  median  ossifications  (not  shown  in  the  two  figures)  lying 
in  this  order  (from  the  posterior  extremity)  on  the  inferior  aspect 
of  the  cranium,  and  the  first  forming  the  floor  of  the  foramen  mag- 
nufHy  or  aperture  by  which  the  spinal  cord  enters  the  cranium,  and 
the  three  being  collectively  known  as  the  basi-cranial  axis.      On 

'  In  the  sequel  the  fignres  of  the  skulls  of  many  reptiles,  and  more  especially 
those  of  IcktAxasaurus  and  Nothosaurus,  show  the  general  relations  of  the  bones 
of  the  skull  to  advantage. 
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the  sides  of  the  basioccipital  we  have  the  two  exoccifttais,  forming 
the  lateral  boundaries  of  the  foramen  magnum,  and  either  alone  or 
in  conjunction  with  the  basioccipital,  the  single  or  double  occipital 
condyles^  by  which  in  the  higher  forms  the  cranium  articulates  with 
the  atlas  vertebra.  The  bony  auditory  capsule  is  composed  typi- 
cally of  the  prootic^  epiotic^  and  opisthotic^  to  which  in  Teleostean 
Fishes  must  be  added  the  sphenotic  and  pterotic ;  but,  as  will  be 
noticed  below,  some  of  these  bones  may  unite,  when  they  receive  a 
distinct  name.  The  alisphenoids  and  orbiiospfunoids  are  paired 
bones  developed  in  the  trabecular  region  ;  while  the  single  ethmoid 
and  the  paired  turbinals  occur  in  the  nasal  region.  The  position 
of  the  quadrate  has  been  already  mentioned.     Among  investing  or 


Fig.  834. — Upper  surface  of  the  cranium  of  a  Labyrinthodont  Amphibian  {,NyranieC^  one-half 
natural  size,  zm,  Premaxilla;  m,  Maxilla;  A*,  Nasal ;  L^  Lachrymal;  /  Frontal;  P/^  Prefrontal; 


men.    (After  Friiach.) 

membrane  bones,  which  are  of  a  more  or  less  splint-like  structure, 
we  have  the  following  paired  ossifications,  reckoning  from  before 
backwards,  on  the  upper  surface — v\z,^  premaxilla  (im\  maxilla  (rn\ 
nasal  (JV),  lachrymal  (Z),  frontal  (/),  prefrontal  (Pf)^  postfrontal 
{Ptf)y  postorbital  {Pto\  parietal  {Pci\  supratemporal  {Squ\  and 
squamosal  (Sq),  In  some  Dinosaurian  Reptiles,  as  StegosauruSy 
there  appears  to  be  a  distinct  bone  above  the  orbit,  which  connects 
the  pre-  and  postfrontal,  and  may  be  termed  the  supraorbital.     The 

^  Shown  in  the  skull  of  Tesludo^  figured  in  the  sequel,  fig.  10 1 7  A. 
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sMpraocdpital  (OS),  which,  although  double  in  the  figured  skull,  is 
usually  a  single  bone,  appears  to  be  developed  inferiorly  from  car- 
tilage and  superiorly  from  membrane ;  it  usually  forms  the  upper 
border  of  the  foramen  magnum,  and  is  not  unfrequently  produced 
posteriorly  into  a  long  spine.  On  the  lateral  aspect  of  the  cranium 
are  placed  the  juga/  (/),  and  quadratojugal  {QJ),  which  connect 
the  quadrate  with  the  maxilla;  while  inferiorly  {kg,  825)  we  may 
have  a  median  splint-like  paraspfunoid  {Ps\  and  always  a  single  or 


Fig.  895. — Under  or  palatal  view  of  the  cranium  represented  in  fig.  834.     Vy  Vomer ;  y,  Pala- 
tine ;  Pt^  Pterygoid ;  Q^t  Quadratojugal ;  Pt^  Parasphenoid.    (After  Fritsch.) 


paired  vomer  (  V),  and  the  paired  pterygoids  {Pt\  and  palatines  (/*). 
The  two  latter,  it  may  be  observed,  are  developed  upon  the  primi- 
tive palatopterygoid  bar;  while  the  parasphenoid,  when  present, 
underlies  the  basicranial  axis,  and  if  largely  developed,  as  in  Teleos- 
tean  fishes  and  Amphibia  (fig.  825),  seems  to  take  the  place  of 
the  basi-  and  presphenoid. 

In  the  cranium  of  which  an  upper  view  is  given  in  fig.  824  the 
whole  of  the  region  behind  the  orbits  is  completely  roofed  over  by 
bone,  so  that  a  secondary  roof  is  thus  formed  above  the  roof  of  the 
much  smaller  brain-case  which  lies  within.  In  most  Reptiles  there 
are,  however,  vacuities  or  fossae  in  this  outer  roof  (as  in  fig.  826), 
although  in  the  Turtles  and  the  Ichthyosaurs  (fig.  1024)  this  roof 
persists.  In  fig.  826  the  upper-lateral  vacuity  is  termed  the  supra- 
temporal  fossa,  and  is  bounded  below  by  the  superior  temporal  (or 
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sg^uamosO'prefrontal)  arcade  formed  by  the  squamosal,  postorbital, 
and  postfrontal ;  while  the  lower  or  infratemporal  fossa  is  bounded 
superiorly  by  the  last-named  arcade,  and  below  by  an  inferior  tem- 
poral (or  quadrato-maxillary)  arcade^  formed  in  most  Reptiles  (fig. 
826)  by  the  quadrate,  quadratojugal,  jugal,  and  maxilla.  In  the 
Mammalia  (where  it  is  usually  termed  the  zygomatic  arch)  we  find, 
however,  a  single  arcade  formed  by  the  squamosal,  jugal,  and  max- 
illa, and  a  similar  arcade,  but  with  the  apparent  absence  of  the 
jugal,  occurs  in  many  of  the  Anomodont  Reptiles.  This  may  be 
termed  the  squamoso-maxillary  arcade.  In  many  Sauropsida,  when 
a  postorbital  or  postfrontal  is  developed,  these   two  arcades  are 


Fig.  8a6.— Right  lateral  aspect  of  the  cranium  of  Sphenodon  /htnciaitu.  The  lower  vacuity 
on  the  left  is  the  infratemporal  fossa,  bounded  below  by  the  inferior,  and  above  bythe  superior 
temporal  arcade ;  the  vacuity  above  the  latter  being  tne  supratemporal  fossa.  The  posterior 
border  of  the  latter  fossa  is  formed  by  the  parieto-squamosal  bar.  The  quadrate  is  on  the  left 
lower  comer  of  the  figure.    (After  GQnther.) 

usually  connected  behind  the  orbit  by  a  process  from  the  for- 
mer articulating  with  another  from  the  jugal,  and  thus  forming  a 
bar  or  arch  which  may  be  termed  the  postorbital  bar  or  arch. 
Similarly  another  bar  at  the  posterior  extremity  of  the  supratem- 
poral fossa  is  formed  by  the  quadratojugal  (or  quadrate),  squa- 
mosal (the  supratemporal  of  fig.  824  being  absent),  and  parietal, 
and  may  be  termed  the  posttemporal^  or  parieto-squamosal  bar^  or 
arch.  A  third  fossa  behind  this  bar  is  termed  the  posttemporal 
fossa.  It  will  be  observed  that  these  numerous  vacuities  expose  to 
view  the  brain-case  lying  within  these  arches  or  bars;  and  there 
seems  to  have  been  a  gradual  tendency  to  open  up  the  completely 
roofed  skull  of  the  Labyrinthodont  Amphibia  till  in  the  Mammals 
we  find,  as  already  mentioned,  the  squamoso-maxillary,  or  zygomatic 
arcade,  and  often  a  postorbital  bar,  as  the  sole  remnants  of  this 
primitive  secondary  roof. 

It  will  not  be  necessary  to  mention  the  various  neural  and  vascular 
foramina  of  the  cranium,  but  it  must  be  observed  that  on  the  upper 
aspect  there  are  paired  apertures  for  the  orbits  (fig.  826),  and  either 
paired  or  single  ones  for  the  nares  {ibid,)]  while  between  these  aper- 
tures there  may  be  the  paired  preorbital  vacuities,  which  are  shown 
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in  the  figure  of  the  skull  of  Phytosaurus  among  the  Crocodilia. 
Mention  must  also  be  made  of  the  parietal  foramen  (fig.  824), 
which  is  a  vacuity  occurring  in  the  parietals  of  many  Reptiles  and 
Amphibians.  In  several  living  forms  this  foramen  immediately  over- 
lies an  aborted  median  eye  embedded  in  the  subjacent  tissues,  and 
totally  functionless ;  but  it  is  not  improbable  that  in  the  Labyrin- 
thodonts  and  other  early  forms  this  eye  served  the  purposes  of 
vision.  As  the  attention  of  the  palaeontologist  is  often  directed 
to  them,  we  must  also  observe  that  the  Eustachian  tubes  are  canals 
connecting  the  internal  ear  with  the  pharynx  or  gullet.  Apart  from 
certain  minor  ossifications  which  will  be  incidentally  noticed  in  the 
sequel,  we  must  also  call  attention  to  the  periotic  and  tympanic  of 
Mammals,  since  among  the  Cetacea  these  bones  are  of  great  im- 
portance to  the  palaeontologist.  Both  these  bones  are  connected 
with  the  internal  ear,  the  first  resulting  from  the  coalescence  of  the 
prootic,  epiotic,  and  opisthotic  of  the  lower  forms,  and  containing 
the  cochlea  of  the  ear ;  while  the  latter  is  formed  by  ossification 
in  the  tissues  around  the  tympanic  membrane,  and  also  occurs  in 
some  Birds.  Finally,  the  term  tympanic  ring  is  a  convenient  one 
to  apply  to  the  bones  surrounding  the  external  ear  of  Reptiles,  and 
especially  the  Chelonia. 

In  r^ard  to  the  mandible^  or  lower  jaw,  which  we  have  already 
stated  to  be  formed  by  ossifications  in  the  region  of  MeckeFs  car- 
tilage, each  half,  or  ramus  (fig.  827),  in  the  Sauropsida  and  Am- 


sy 

Fig.  827. — Inner  view  of  the  left  ramus  of  the  mandible  of  Crocodiltu.  x^,  Symphysis ;  </, 
Dcntaiy ;  s,  Splenial ;  co^  Coronoid ;  am,  Angular ;  nf,  Surangular ;  art  Articular.  Reduced. 
(After  Curier.) 

phibia  consists  of  the  following  five  ossifications  formed  in  mem- 
brane— ^viz.,  dentary  (d\  splenial  (s\  coronoid  (co)y  angular  {an\  and 
surangular  (su).  These  unite  with  the  articular  {ar\  formed  from 
Meckel's  cartilage,  which  articulates  by  a  glenoid  cavity  with  the 
quadrate.  In  Mammals,  however,  there  is  but  a  single  membranous 
ossification  in  each  ramus,  which  posteriorly  articulates  by  a  rounded 
condyle  with  the  squamosal  bone  of  the  cranium,  there  being  appar- 
ently no  articular  ossification,  and  no  distinct  quadrate  in  connection 
with  the  mandible.^     In  the  Sauropsida  the  quadrate  articulates 

'  See  the  introductory  chapter  on  the  Mammalia  (Chapter  Ivii.) 
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directly  with  the  periotic  region;  but  in  the  greater  number  of 
Fishes  the  mandible,  as  already  mentioned,  is  connected  with  the 
cranium  by  means  of  the  hyomandibular  suspensorium  (fig.  823). 
Having  now  noticed  the  leading  features  of  the  axial,  we  may 
proceed  to  an  equally  brief  survey  of  those  of 
the  appendicular  skeleton.     In  all  the  higher 
Vertebrates  the  limbs  are  divided  into  three 
sections  —  viz.,  in  the  pectoral  or  fore  limb 
the  arm^  fore-arm^  and  the  hand  or  manus  ; 
and  in  the  pelvic  or  hinder  limb  the  thighy  leg, 
and  ihtfoot  or  pes.     The  first  segment  has  a 
single  bone — the  humerus  of  the  arm,  and  the 
femur  of  the  thigh  (fig.  828) ;  the  second  has 
two  parallel  bones — ^the  radius  and  ulna  in 
the  fore-arm,  and  the  tibia  and  fibula  in  the 
leg  (fig.  828);  while  the  third  segment  con- 
tains a  number  of  bones  arranged  in  not  more 
than  five  longitudinal  rows  (figs.  828,  829), 
with  the  exception   of  the  Ichthyopterygian 
Reptiles.     The  bones  of  the  manus  and  pes 
are  again  divisible  into  three  sections — ^viz., 
proximally  the  carpus  or  wrist  in  the  manus 
(fig.  829),  and  the  tarsus  or  ancle  in  the  pes ; 
mesially  the  metapodium,  or  metacarpus  of  the 
manus  (fig.  829),  and  the  metatarsus  of  the 
pes  (fig.  828);   and  distally  the  phalangeals 
(figs.  828,  829)  of  the  digits.     With  the  ex- 
Fijj.  828.— Dorsal  aspect   ccption   of    the    Ichthyopterygia,    where   the 
^ivfc*^iiinb"Sf"th?'a5m.    normal  digits  appear  to  have  divided,  in  all 
§5?S!  S^TSSSaU;/    known  forms  the  number  of  functional  digits 
Femur; /, 'Tibia ;  f,  Fibula;    does  not  excced  fivc  :  and  thcsc  are  enum- 

r,  Tarsus ;m,  Metatarsus;/,  ,  .      i       /  •  i.   i  m  •   i 

Phalangeals.  (After  Owen.)  erated  consccutivcly  from  the  radial  or  tibial 
side,  so  that  the  pollex  or  thumb  of  the  manus, 
and  the  hallux  or  great  toe  of  the  pes  are  always  termed  the  first, 
and  the  little  finger  and  toe  the  fifth  digits.  Except  in  the  hallux 
there  are  usually  not  less  than  three  phalangeals  in  each  digit 
of  the  pes,  but  their  number  may  be  reduced  in  the  manus.  The 
bones  of  the  metapodium  correspond  in  number  with  the  digits, 
and  consist  of  a  single  transverse  row. 

Although,  as  we  have  stated,  the  number  of  digits  in  the  higher  Ver- 
tebrates is  typically  five,  yet  there  appears  to  be  considerable  evidence 
that  the  number  was  originally  seven.  Thus  in  many  pentedactylate 
Mammals,  and  also  in  some  Reptiles  and  Amphibians,  there  is  found 
on  the  radial  or  preaxial  border  of  the  carpus  or  tarsus  a  small  ossification 
which  Dr  Bardeleben  terms  the  prepolleXy  or  prehallux,  and  regards  as 
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the  representative  of  an  additional  radial  digit  Similarly  \ht  pisiform 
bone  of  the  carpus,  which  occurs  on  the  ulnar  or  postaxial  border,  and  in 
Mammals  is  usually  described  as  one  of  the  so-called  sesamoid  bones,  is 
looked  upon  by  the  same  authority  as  the  representative  of  a  seventh 
digit  on  the  ulnar  side. 

It  is  probable  that  the  carpus  and  tarsus  were  originally  formed 
upon  a  common  type,  which  persists  in  a  more  or  less  unaltered 
condition  in  certain  Ajnphibia  and  Reptilia  (fig.  829).  In  such  a 
generalised  type  there  is  a  distal  row 
of  five  carpalia  (fig.  829),  or  tarsalia, 
articulating  with  the  metapodials.  This 
is  preceded  proximally  by  another  row, 
consisting  of  an  intcmudiumy  flanked 
in  the  manus  by  a  radiaie  and  ulnare^ 
and  in  the  pes  by  a  tibiale  and 
fibulare^  respectively  articulating  with 
the  two  epipodial  bones  of  the  fore- 
arm (radius  and  ulna)  or  leg  (tibia 
and  fibula).  The  middle  space  be- 
tween these  two  transverse  rows  of 
bones  is  occupied  by  one  centrales  or  oc- 
casionally by  several  centralia.  Modifi- 
cations fi'om  this  type  are  caused  by 
the  suppression  or  coalescence  of  some 
of  these  elements.  All  the  carpals 
and  tarsals  in  the  Mammalia  have  re- 
ceived distinct  names,  which  will  be 
noticed  under  the  head  of  that  class; 
but  it  may  be  observed  here  that  the 
higher  Reptiles  and  Birds  agree  with 

the  former  in  having  two  bones  in  the  proximal  row  of  the  tarsus 
— ^viz.,  the  calcaneum  on  the  fibular,  and  the  astragalus  on  the  tibial 
side. 

The  protuberances  for  muscular  attachment  at  the  proximal  ex- 
tremity of  the  humerus  are  termed  tuberosities^  while  those  of  the 
femur  are  known  as  trochanters.  The  latter  bone  in  the  Saur- 
opsida  may  also  have  an  inner  trochanter  on  its  shaft  for  the  at- 
tadmient  of  the  femoro-caudal  muscle ;  while  in  the  Mammalia  there 
may  be  a  third  trochanter  for  that  of  the  gluteus  maximus,  as  is 
shown  in  the  femur  of  Rhinoceros  represented  in  fig.  1226.  Both 
the  humerus  and  femur  have  more  or  less  distinct  condyles  at  the 
lower  extremity  for  the  articulation  of  the  bones  of  the  fore-arm  and 
leg — those  of  the  humerus  being  often  termed  trochiece.  Above  the 
condyles  or  trochleas  the  humerus  has  projecting  epicondyles  on 
either  side ;  and  there  is  frequently  a  foramen  situated  above  either 


Fig.  829.  — Dorsal  asfwct  of  the 
right  manus  of  a  Chelonian  Reptile 
(Chelydra),  ra^  Radius;  »/,  Ulna; 
r,  f\  »,  Radiaie,  ulnare,  and  inter" 
medium ;  c,  Centrale ;  x— 5^  Carpalia ; 
Mr,  Metacarpals ;  /,  Proximal  phal- 
angeals ;  I.— v..  Terminal  do.,  i.  being 
the  poUex.    (After  Gegenbaur.) 
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the  outer  or  inner  epicondyle.  When  placed  above  the  outer  or 
radial  epicondyle  this  foramen  is  termed  ectepicondylar^  and  when 
above  the  inner  or  ulnar  epicondyle  entepicondylar.  The  proximal 
extremity  of  the  ulna  is  often  produced  into  an  oiecranon  (fig.  1300), 
which  projects  behind  the  end  of  the  humerus.  The  distal  ex- 
tremity of  the  tibia  in  certain  Sauropsida  develops  from  its  anterior 
aspect  a  ridge  or  process  known  as  the  cnemial  crest ;  while  the 
deltoid  crest  or  ridge  is  a  prominence  situated  below  the  head  of  the 
humerus  on  the  radial  side,  to  which  the  attention  of  the  palaeon- 
tologist is  not  unfrequently  directed.  Finally,  the  patella  is  a  so- 
called  sesamoid  bone  developed  in  the  tendon  of  a  muscle  passing 
over  the  pulley-like  surface  or  trochlea  on  the  anterior  aspect  of  the 
distal  extremity  of  the  femur. 

Since  the  limbs  of  Fishes  differ  considerably  from  the  higher  type  . 
of  structure  noticed  above,  their  consideration  may  be  deferred  till 
we  come  to  that  class.  Before,  however,  leaving  the  subject  of 
limbs,  it  should  be  observed  that  it  is  often  convenient  to  allude  to 
the  corresponding  or  homologous  sides  of  the  fore  and  hind  limbs 
by  a  single  term.  If,  then,  we  imagine  the  limbs  extended  more  or 
less  nearly  at  right  angles  to  the  axis  of  the  body  (as  on  the  left 
side  of  fig.  814),  with  the  palm  of  the  hand  and  the  sole  of  the 
foot  directed  to  the  front  or  ventral  aspect,  the  middle  digit  of 
each  limb  will  be  axial^  when  the  poUex 
and  radius  of  the  pectoral,  and  the  homo- 
logous hallux  and  tibia  of  the  pelvic 
limb,  will  be  obviously  preaxial ;  while 
the  fifth  digit  of  each  limb,  together  with 
the  ulna  and  the  fibula,  will  be  postaxiaL 
The  whole  of  the  radial  and  tibial  sides  of 
the  limbs  will  accordingly  be  known  as  the 
preaxialy  and  the  ulnar  and  fibular  as  the 
postaxial  border. 

The  remaining  parts  of  the  skeleton 
comprise  the  pectoral  and  pelvic  girdles^  by 
which  the  corresponding  limbs  are  respec- 
tively connected  with  the  trunk,  and  of 
which  the  relative  positions  are  shown  in 
fig.  818.  The  pectoral  arch  is  never  con- 
nected by  means  of  ribs  with  the  verte- 
brae, and  primitively  consists  of  three  main 
bones  developed  in  cartilage.  On  the 
dorsal  aspect  of  the  body  we  have  the 
upper  bone  or  scapula  (fig.  830,  s) ;  while  on  the  ventral  side  there 
are  two  parallel  bones  (fig.  974),  the  anterior  of  which  is  termed 


Fig.  8; 

the  cartil  _  _  

side  of  the  pectoral  girdle  of  a 
Lizard  ilguand).  t,  Scapula; 
m.sc,  Mesoscapular  process  of 
do. ;  coTf  Coracoid ;  ^xor,  Pre- 
coracoidal  process  of  ao. ;  m.cvr, 
Mesocoracoidal  process  of  do. ; 
/or.  Foramen  of  do. ;  ^  Glenoid 
cavity. 
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the  precaracoid  {^ct)^  and  the  posterior  the  coracoid  (co).  At  the 
junction  of  these  three  bones  there  is  a  cavity  for  the  articulation 
of  the  head  of  the  humerus  termed  the  glenoid  cavity.  Such 
is  the  primitive  condition  of  this  girdle ;  but  in  Reptiles  the  pre- 
coracoid  very  rarely  exists  as  a  separate  ossification,  although  it 
does  so  among  the  Anomodonts,  where,  at  least  in  the  young, 
it  forms  a  large  plate,  uniting  below  to  the  upper  edge  of  the  cora- 
coid, and  entering  into  the  formation  of  the  glenoid  cavity.^  In  all 
other  cases  it  is,  however,  completely  fused  either  with  the  scapula 
or  the  coracoid.  Thus  in  the  Chelonia  (fig.  1008)  the  precoracoid 
retains  its  primitive  form  and  condition  of  a  transverse  bar,  which 
is,  however,  completely  fused  with  the  scapula.  In  the  Lizards, 
on  the  other  hand,  this  bone  has  united  with  the  coracoid,  of  which 
it  forms  the  precoracoidal  process  (fig.  830,  pxor) — the  foramen 
{for)  marking  the  original  line  of  separation  between  the  two  bones. 
In  Dinosaurs  and  many  other  Reptiles  the  precoracoidal  process 
has  disappeared,  and  only  the  foramen  remains;  while  in  the 
Ichthyopterygia  even  this  is  wanting.  A  further  reduction  occurs 
in  the  higher  Mammals,  where  the  whole  of  the  coracoid  has  dis- 
appeared as  a  distinct  bone.  The  coracoid  is  subject  to  great  vari- 
ation in  shape,  and  may  either  simply  meet  its  fellow  by  an  overlap- 
ping or  sutural  junction,  or  may  articulate  with  the  sternum. 

A  davicUy  mainly  developed  from  membrane,  may  be  connected 
with  the  preaxial  borders  of  the  scapula  and  coracoid;  while  a 
mesial  T-shaped  interdavicU  (fig.  819),  which  is  also  developed 
from  membrane,  may  receive  the  inner  extremities  of  the  two  cla- 
vicles, and  then  usually  overlies  the  upper  part  of  the  sternum. 
Finally,  there  may  also  be  a  single  or  double  mesial  omostemum 
developed  on  the  ventral  aspect  from  cartilage  lying  near  the  an- 
terior extremity  of  the  girdle.  An  illustration  of  the  position  of  this 
bone  is  shown  in  the  pectoral  girdle  of  the  Frog,  represented  in  fig. 

974- 

In  the  pelvic  girdle  we  have  three  separate  ossifications  arising  in 
cartilage,  of  which  all  three  usually  unite  to  form  an  acetabulum 
(fig.  831,*  fl,  b)  for  the  reception  of  the  head  of  the  femur,  or  thigh- 
bone. The  bone  commonly  known  as  the  haunch-bone  forms  the 
dorsal  element,  and  is  technically  termed  the  ilium  (ibid,^  II) ;  it 
corresponds  to  the  scapula,  and  usually  articulates  with  the  sacrum 
by  short  ribs ;  while  in  the  ventral  half  we  have  anteriorly  the  pubis 
(ibid.^  P)y  representing  the  precoracoid ;  and  posteriorly  the  ischium 
{ibid.y  Is\  which  corresponds  to  the  coracoid.    The  two  latter  bones 

'  Tliis  precoracoid  appears  to  correspond  with  the  bone  termed  epicoracoid  by 
Professor  Cope,  and  also  the  one  so  named  in  the  Monotreme  Mammals. 

'  Here  the  acetabulum  is  formed  by  only  two  bones,  and  it  has  been  suggested 
that  the  bone  lettered  pubis  may  be  really  an  epipubis. 
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very  generally  meet  those  of  the  opposite  side  in  a  ventral  sym- 
physis; and  when,  as  is  frequently  the  case,  the  three  bones  of 
either  side  are  anchylosed  together,  an  innominate  bone  results  (fig. 

1 1 28  to).  The  ischium  and  pubis 
of  the  same  side  may  also  unite 
inferiorly  so  as  to  enclose  the 
obturator  notch^  F,  which  then 
forms  the  obturator  foramen  (fig. 
1 1 2  8  bis) ;  while  an  obturator  pro- 
cess  of  the  ischium  maf  form 
a  smaller  foramen  belOw  the 
acetabulum,  as  in  the  pd^is  of 
CamptosauruSy  figured  in  the 
sequel  {fig,  1052).  As  a  rule, 
there  is  no  tendency  to  a  reduc- 
tion in  the  number  of  the  pelvic 
bones  in  the  higher  forms.  It 
may  be  mentioned,  in  conclu- 
sion, that  a  median  ossification 
at  the  ventral  symphysis  of  the 
pubis  and  ischium  found  in  cer- 
tain Edentates  has  been  named  the  pelvistemum^  and  regarded  as 
the  abdominal  representative  of  the  sternum.  This  appears,  how- 
ever, to  correspond  with  the  median  ossification  found  in  the 
Ungulates  (fig.  1 128  to),  which  is  generally  looked  upon  merely  as 
an  epiphysis.  The  pectoral  and  pelvic  girdles  of  Fishes  are  noticed 
in  the  next  chapter. 

It  may  be  well  to  observe  here  that  genera  being  purely  and  simply 
artificial  divisions  formed  for  the  convenience  of  classification,  it  is  quite 
unnecessary  that  they  should  be  of  equivalent  value  in  different  groups 
of  animals.  As  examples  of  vertebrate  groups  in  which  generic  terms 
are  used  in  a  wide  sense,  we  may  cite  the  Reptilan  order  Sauropterygia 
and  the  Mammalian  family  Rhinocerotidce ;  while  as  instances  where  a 
more  restricted  application  is  employed,  we  may  mention  the  order 
Chelonia,  and  the  family  BovidcB,  The  statement  we  not  unfrequently 
hear  that  such-and-such  a  form  must  represent  a  distinct  genus  implies 
a  total  misconception  of  the  import  of  generic  terms. 


Fig.  831.— Lateral  aspect  of  the  left  half  of 
the  pslvis  of  a  young  Crocodilian  {Allizatcr). 
II J  Ilium ;  y,  Pubis ;  /«,  Ischium ;  F,  Obtura- 
tor notch:  a.  3,  ^,  Acetabulum^  with  its  va- 
cuity ;  tt    I  Cartila^nous  extensions  of  ilium. 
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CHAPTER     XLVI. 

CLASS  PISCES. 

General  Structure. 

The  members  of  the  class  Pisces,  commonly  known  as  Fishes,  form 
the  first  division  of  Professor  Huxle/s  Ichthyopsida,  and  are  gener- 
ally characterised  by  living  in  water;  breathing  by  branchiae,  or 
gills,  throughout  life ;  having  the  heart  furnished  with  a  single  ven- 
tricle and  auricle  (atrium);  having  the  limbs,  when  present,  in  the 
form  of  fins ;  being  provided  with  unpaired  median  fins  supported 
by  fin-rays ;  and  by  the  skin  being  either  naked,  or  covered  with  der- 
mal scales  or  bony  scutes.  There  is  no  amnion  or  allantois  devel- 
(^)ed  in  the  embryo,  and  the  reproduction  is  nearly  always  oviparous. 
Certain  forms  do  not,  however,  exhibit  all  the  above  features,  and 
the  relation  of  the  more  generalised  Fishes  to  the  Amphibia  is  very 
intimate.  The  peculiar  system  of  mucous  canals  and  the  lateral, 
line  are  highly  characteristic  of  Fishes,  although  they  are  not 
invariably  present 

Before  noticing  such  features  as  are  of  especial  importance  to  the 
palaeontologist,  it  will  be  convenient  to  mention  that  according  to 
the  arrangement  adopted  in  this  work  the  class  is  divided  into  the 
following  six  orders — ^viz.,  Cyclostomi,  Elasmobranchei,  Chimeroidei, 
Dipnoi,  Ganoidei,  and  Teleostei,  of  which  the  salient  features  will 
be  noticed  in  the  succeeding  chapter.  Dr  Giinther  has,  indeed, 
proposed  to  bracket  together  the  second,  third,  fourth,  and  fifth 
orders  as  a  subclass  under  the  name  of  Palaeichthyes,  ranking  as 
equivalent  to  the  Cyclostomi  and  Teleostei.  Professor  Huxley,  Dr 
Traquair,  and  others  have,  however,  shown  that  the  Ganoidei  are  so 
intimately  connected  with  the  Teleostei,  while  the  Elasmobranchei, 
Chimeroidei,  and  Dipnoi  differ  in  so  many  respects  among  them- 
selves and  from  the  former,  that  such  a  grouping  does  not  appear 
consonant  with  their  true  relationship. 

Another  scheme,  proposed  by  Professor  Cope  and  adopted  by 
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Fig.  833.~CycIoid  scale, 
enlarged. 


Fig.  833.  —Ctenoid  scale, 
enlarged. 


Mr  Smith  -  Woodward,  is  to  brigade  the  Teleostei  and  Ganoidei 
together  in  a  subclass  under  the  name  of  Teleotomi,  with  ordinal 
divisions  differing  somewhat  from  the  subordinal  ones  employed 
below,  and  to  raise  the  Dipnoi,  Chimeroidei,  Elasmobranchei,  and 
Cyclostomi  to  the  rank  of  subclasses,  with  the  concomitant  eleva- 
tion of  their  respective  suborders  to  the  rank  of  orders.  It  seems, 
however,  scarcely  to  harmonise  with  the  divisions  adopted  in  the 
other  classes  of  Vertebrates  to  regard  a  group  like  the  Chimeroidei 
as  a  subclass,  and  accordingly  the  view  of  Professor  Huxley  is 
provisionally  followed  of  regarding  the  Elasmobranchei  and  Chi- 
meroidei as  divisions  of  ordinal  value. 

Although. the  body  in  all  Fishes  must  be  adapted  for  progression 
through  the  water,  yet  there  is  an  enormous  range  of  variation  in  its 

contour  among  the  differ- 
ent groups,  as  we  may  ob- 
serve when  we  contrast  a 
Lamprey,  a  Shark,  a  Flat- 
fish, a  Ribbon-fish,  and  a 
Globe-fish.  The  dermal 
structures  termed  scales, 
which  are  so  characteristic 
of  Fishes,  present  many 
types  of  structure.  In  the  Teleostei  they  usually  form  thin  plates, 
frequently  marked  by  concentric  lines  and  not  formed  of  true  bone. 

When  the  posterior  margin  is  simple 
(or  entire)  such  a  scale  is  termed  cycloid 
(fig.  832),  but  when  denticulated,  cten- 
oid (fig.  833).  Other  examples  of  this 
type  are  shown  in  figs.  834,  a,  b.  In 
many  Ganoids  and  a  few  Teleosteans 
the  scales  are  much  thicker,  and  consist 
of  a  variety  of  true  bone  covered  exter- 
nally with  an  enamel-like  substance 
termed  ganoine.  Such  scales,  of  which 
specimens  are  shown  in  fig.  834,  ^,  and 
fig.  835,  are  termed  ganoid ;  they  are 
arranged  in  oblique  rows,  and  connected 
together  by  a  peg-like  projection,  their 
cteniid  scale  of  Perch  shape  being  oblong.  Scalcs  of  ganoid 
structure  may,  however,  be  much  thin- 
ner, and  resemble  the  cycloid  type  in 
their  contour  and  their  imbrication. 
Lastly,  the  bony  dermal  scutes  or  plates,  frequently  armed  with  a 
spine,  which  occur  in  the  skin  of  the  Sharks  and  Rays  (fig.  834, 
r,  d)^  are  strictly  comparable  in  structure  to  teeth,  consisting  of 


Fig.  83X.— «,  Cycloid  scale  of  Pike 
Esox);  d,  Ctenoid  scale  of  Perch 
iPerca);  c,  Dermal  plate  of  Thorn- 
back  (/iota);  d.  Do.  of  Monkfish 
{JSquatituC^'y  e^  Ganoid  scales  oiPala- 
OHtscui.    a.  and  b  enlarged. 
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a  cap  of  enamel  underlain  by  dentine  and  supported  on  bone. 
Allied  to  these  are  the  calcified  scutes  of  the  Coffer-fishes  {Os- 
tracion\  File-fishes  (Ba/isUs),  and  Sturgeons  (Acipenser),  to  all 
of  which  structures  the  term  placoid  scales  was  formerly  applied. 
A  characteristic  feature  in  the  Teleostei  is  the 
presence  of  a  series  of  perforated  scales  run- 
ning along  the  side  of  the  body,  known  as  the 
lateral  line^  the  canal  of  this  line  being  apparently 
in  part  connected  with  the  supply  of  mucus,  and 
acting  partly  as  a  sense-organ.  The  modified 
scales  of  this  line  may  be  larger  or  smaller  than 
those  of  the  rest  of  the  body,  or  may  be  the  only  Fig.  83s.-<3anoid  scale. 
ones  present  A  lateral  line  is  also  found  in  some 
Ganoids  and  in  certain  Elasmobranchs,  as  well  as  in  the  Chimer- 
oids.  A  series  of  large  V-shaped  scales  found  on  the  borders  of  the 
fins  of  many  Ganoids  are  termed  fulcra.  The  dermal  fin-rays  are 
peculiar  to  the  present  class,  and  are  shown  in  figs.  836,  837.    They 


Fi^.  836.— Reduced  left  lateral  view  of  the  skeleton  of  the  Perch  {Pcrca).  «,  Premaxilla ;  6, 
Maxilla;  c.  Mandible;  <  Orbit;  e,  Supraocdpital ;  X  Preoperculum ;  ^,^',  Vertebrae;  A,  Pec* 
toral  fin ;  /',  Pelvic  do. ;  k^  /,  First  and  second  dorsal  do. ;  m.  Anal  do. ;  »,  m',  Caudal  do.  The 
bones  betwieen  k  and  /  and  the  vertebrae  are  the  interspinals. 

occur  both  in  the  paired  pectoral  and  pelvic  fins,  and  also  in  the 
median  dorsal^  caudal^  and  anal  fins.  In  Elasmobranchs  these  fin- 
rays  are  homy ;  but  in  the  Teleostei  (fig.  836)  they  are  bony,  and 
generally  split  up  into  filaments  at  the  extremities  (/),  although  they 
may  be  pointed  {k).  In  Teleostei  they  generally  consist  of  two 
closely  applied  parts,  diverging  at  the  base  to  articulate  in  the 
median  fins  with  the  interspinous  bones  of  the  endoskeleton,  and 
in  the  paired  fins  with  the  distal  limb  bones.  In  Elasmobranchs 
the  interspinals  are  represented  by  the  so-called  radial  cartilages 
belonging  to  the  true  endoskeleton. 

In  Teleosteans  and  Ganoids  the  anterior  rays  of  the  dorsal  and 
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pectoral  fins  may  be  developed  into  huge  dermal  spines,  which  in 
some  cases  articulate  by  a  complete  shackle-joint  with  the  basal 
bones.     Similar  spines  are  also  developed  in  the  Elasmobranchei 


Fig.  837.— -Left  lateral  view  of  the  Perch  (Perta).     o,  Gill»covcr,  with  gill-slit  behind  it ;  f,  Pec- 
toral na ;  v,  Pelvic  do. ;  df  First  dorsal  ao. ;  d',  Second  dorsal  do. ;  /,  Lateral  line.    Reduced. 

{fig.  838) ;  but  here  they  are  simply  inserted  into  the  flesh,  or  are 
attached  only  by  cartilage,  so  that  their  basal  end  is  rounded  off. 
Similar  spines  (fig.  838,  i)  may  also  occur  behind  the  head.     Such 


XriAH^inttJMi 


^i^'^ 


Fig.  838.— Spikes  and  teeth  of  Elasmobranchei.  z,  Nuchal  spine  ot  PUuracoHtkus ;  a,  Fin- 
spine  ot  Gyracanthus ;  3,  Do.  of  Cienacanthus ;  4,  Tooth  oiPetalodus;  5,  Do.  of  PseuHmodus; 
6,  Da  of  Ctenaptychiut.    Carboniferous,    x-3  are  redticed. 

spines  when  found  fossil  are  frequently  known  as  ichthyodorulites^ 
and  form  important  objects  to  the  palaeontologist  Their  structure 
is  identical  with  that  of  the  so-called  placoid  scales  and  of  teeth. 
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there  being  a  central  pulp-cavity,  surrounded  by  a  layer  of  dentine 
or  vasodentine,  which  is  covered  with  enamel. 

The  teeth  of  Fishes  present  a  greater  amount  of  variation  than  is 
found  in  any  other  class.  They  may  be  entirely  absent,  or  may  be 
present  on  all  the  bones  of  the  mouth,  and  also  on  the  hyoids  and 
branchial  arches,  while  they  may  be  attached  merely  to  the  mem- 
brane of  the  mouth-cavity.  Very  frequently  they  are  attached  by 
anchylosis  to  the  underlying  bone  or  cartilage  (fig.  838),  but  they 
may  be  implanted  in  distinct  sockets  or  alveoli.  The  dentine  is  usu- 
ally distinguished  from  that  of  the  teeth  of  higher  Vertebrates  by  its 
greater  vascularity.  The  coating  of  enamel  is 
generally  very  thin ;  but  it  is  more  developed 
in  the  cutting-teeth  of  Sargus.  Occasionally 
(Dendrodus)  radiating  prolongations  of  the  pulp- 
cavity  may  penetrate  the  dentine  from  the  centre 
to  the  periphery,  thus  producing  a  structure  like 
that  of  the  teeth  of  the  Labyrinthodont  Am- 
phibians. There  is  generally  a  constant  renewal 
of  the  teeth  of  Fishes  during  the  whole  of  life ; 
but  occasionally  one  set  persists. 

Turning  to  the  endoskeleton,  and  commenc- 
ing with  the  vertebral  column,  we  find  that  the 
vertebrae  can  only  be  divided  into  a  trunk  and 
a  caudal  series,  and  that  there  is  a  gradual  pro- 
gression in  respect  of  ossification  from  the  lowest 
to  the  highest  forms.  Thus,  in  the  Cyclostomi, 
tbe  notochord  persists  throughout  life,  and  is 
generally  unsegmented,  although  rudimental 
neural  arches  and  spines  are  developed  in  Pet- 
romyzon.  The  vertebral  column  of  the  Carti- 
laginous Ganoids  is  very  similar  to  that  of  the 
latter;  but  in  Bony  Ganoids,  Elasmobranchei, 
and  Teleostei  paired  cartil^es,  arising  both 
above  and  below  the  notochord,  gradually  sur- 
round it,  and  thus  form  strongly  amphicoelous 
vertebral  centra.  In  the  Sharks  these  centra 
exist  without  arches,  but  in  the  other  orders 
there  are  well-developed  neural  arches;  and  in  the  trunk  region 
there  are  also  lateral  basai processes,  which  in  the  tail  unite  inferiorly 
to  form  a  haemal  arch  for  the  caudal  artery,  and  develop  a  haemal 
spine  (fig.  839).  There  is  a  great  tendency  for  the  neural  arches 
to  remain  open  superiorly ;  and  the  only  Fish  in  which  the  vertebrae 
are  not  amphicoelous  is  the  Ganoid  LepidosteuSy  in  which  they  are 
opisthoccelous.  Only  in  the  Chimeroidei  and  certain  Elasmo- 
branchei  are   there   definite  articulations    between    the  vertebral 


Fig.  839.— Anterior  as- 
pect of  a  caudal  vertebra 
of  a  Teleostean  Fbh  «r, 
Neural  spine;  ma,  Neu- 
ral arch :  «,  Articular  pro- 
cesses ;  Aa,  Hsmal  arch ; 
hs^  Haemal  spine.  (After 
GQnther.) 
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column  and  the  cranium;  the  posterior  aspect  of  the  basioccipi- 
tal  in  other  groups  forming  a  cup  like  that  of  a  vertebral  centrum. 
The  mode  in  which  the  vertebral  column  terminates  posteriorly  is 
of  considerable  importance  in  classification.      The  most  primitive 


Fig.  840.— A,  PdypUruSy  and  B,  Osteolepix  (Ganoids),  to  show  diphycercal  caudal  fin. 
a,  Pectoral ;  b^  Ventral ;  <r,  anal ;  d^  Dorsal  fin.    Reduced. 

type  occurs  in  the  Cyclostomi,  Dipnoi,  and  many  Ganoids,  where 
the  notochord  continues  to  the  extremity  of  the  body,  and  is  sym- 
metrically surrounded  by  the  caudal  fin,  as  in  fig.  840 ;  this  type  is 
known  as  diphycercal.    In  the  other,  or  heterocercal  type,  the  notochord 


Fig.  841.— A,  Sword-fish ;  b,  Sturgeon,  to  show  masked  (homocercal)  and  typical 
heterocercal  tail. 

is  bent  upwards,  owing  to  the  greater  development  of  the  lower  as 
compared  to  the  upper  half  of  the  tail.  This  feature  may  be  observ- 
able externally,  as  in  the  Sturgeons  (fig.  841,  b)  and  Sharks ;  or  may 
be  masked,  as  in  the  majority  of  Teleostean  Fishes  (fig.  841,  a),  by 
the  symmetrical  arrangement  of  the  fin-rays.      The  skeleton  (fig. 
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S42)  shows,  however,  the  upward  bend  of  the  notochord,  although 
this  is  very  much  less  marked  in  the  adult  than  in  the  young.  This 
masked  heterocercal  type  is  sometimes  described  as  homocercaL 
The  coalesced  hsemal  spines  found  in  this  type  of  tail  are  known  as 
kypural  bones  (fig.  842,  h\ 
while  the  ossified  extremity 
of  the  notochord  is  termed 
the  urostyle. 

The  skiills  of  Fishes  pre- 
sent variations  in  regard  to 
their  d^ree  of  ossification, 
analogous  to  those  obtaining 
in  the  vertebral  column.  The 
general  structure  of  the  pri- 
mitive cartilaginous  skull  has 
been  already  indicated  in 
Chapter  xlv.  i^g,  822),  but 
we  must  here  glance  briefly  at  certain  bones  developed  in  the  more 
specialised  forms  which  are  peculiar  to  the  class.  Thus,  taking  as 
an  example  the  skull  of  a  Teleostean  Fish  (fig.  843),  where  the 
primitive    cranium    is 


_  84a.— Tail  of  Flounder.  (After  Agassii.)  f , 
Vertebral  column ;  «,  Tumed-up  end  of  the  noto- 
chord ;  hf  HypuraJ  bones. 


i>A^ 


Vkm 


concealed  by  the  de- 
velopment of  investing 
bmies,  we  find  two 
peculiar  ossifications  in 
the  auditory  region 
known  as  the  pterotic 
(i&Vf.,  Pie),  which  is 
considered  to  repre- 
sent the  squamosal  and 
opisthotic  of  higher 
Vertebrates,  and  the 
sphenotic  {ibid,,  Sph). 
A  large  parasphenoid 
is  always  present  infe- 
riorly  (fig.  844).  The 
intervention  of  the  hy- 
omandibtilar  and  sym- 
plectic  (figs.  823  and 
843)between  the  quad- 
rate and  the  squamosal 
r^on  has  been  already 

mentioned  in  Chapter  xlv.  as  peculiar  to  Fishes  (although  it  is  by  no 
means  universal  in  the  class) ;  and  we  must  also  mention  that,  in 
addition   to  the  normal  palatine  and   pterygoid  bones  developed 


Fig.  8^3.— Left  lateral  view  of  the  skull  of  a  Trout  (Salmo), 

PmjCt  Premaxilla ; 


iE/,  Epiotic;    Pte^  Pterotic;   J>A,  Sphenotic;  Osj  Supi 
occipital ;  /»,  Parietal ;  F,  Frontal ;  Sp.eth,  Ethmoid ;  Ca 


nerve ;  Nl^  Nasal ; 


Ap«ture  of  olfaaory  e 

M,Af^,  MaxUIa;    /^, 

Metapterygoid ;   «,  0^    suborbitau ;    Hm,  Hy< 

X,  S3rmplectic;  Qu,  Quadrate  ;  Pr,  lo^^  Sop,  Pre-,  inter- 

suboperculum  ;  Op,  Operculum ;  BsS,  Branchiostej 

Ar,  Articular;  Z?/,  Dentary;  A,  eye. 


Jugal ;    Msy   Mesopterygoid ;    Mtp, 
Suborbir  '        "       " j?.-  .     - 


»rbitaU;    Hm,  Hyomandibular ; 

,  inter-,  and 

tegal  rays; 

(After  Wiedersheim.) 
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round  the  cartilaginous  palatopterygoid  bar,  there  occur  in  Teleostei 
the  meso-  and  metapterygoid  (fig.  843,  Ms^  Mip),  In  the  same  class 
the  orbital  region  likewise  develops  a  series  of  membrane-bones 
round  the  eye,  forming  the  suborbitals  or  orbital  ring  (ibid.y  <?,  o\ 
while  the  gill-cover  or  operculum  (of  which  the  first  trace  is  found  in 
the  Chimaeroids  in  a  fold  from  the  hyomandibular  overlapping  the 
first  gill-slit)  is  formed  by  the  preopercular^  opercular^  subopercular^ 
and  infraopercular  {ibid,^  Pr,  Op,  Sop,  Iop\  which  are  broad,  scale- 
like membrane  bones.  In  the  branchiostegal  membrane,  which 
unites  with  the  gill-cover  in  closing  the  branchial  chamber,  there 
is  developed  a  number  of  branchiostegal  rays  (fig.  843,  BsS,  and 
fig.   844,  bo)'y   but  these  may  be   partly  or   entirely  replaced  by 


Fig.  8^4.— Riffht  side  of  the  cnnium  proper  of  a  Perch,  together  with  the  hyoid  and  bran- 
chial arches,  and  the  pelvic  sirdle.  M,  Stylobyal ;  M,  Epihj^  ;  cA,  Ceratohyal :  M^  Basih^ 
gh,  Glossohjral ;  nh.  UrohytU ;  bo.  Brandiiostegal  rays ;  cb,  Ceratobranchial ;  eb,  Epibranchial 
/r,  One  of  the  "gill-rakers"  of  the  first  branchial  arch;  /a,  Parasphenoid  ;  «,  Supraocdpital 
>/,  Posttemporal ;  scly  Supraclavicular ;  c/.  Clavicular ;  >c/,  The  two  pieces  of  the  postdavicu- 
lar ;  jc,  Scapula  ;  c^,  Coracoid. 

jugular  plates,  occupying  the  space  between  the  rami  of  the  man- 
dible. The  hyoid  arch  (fig.  844)  is  attached  to  the  inner  side  of 
the  hyomandibular  by  a  stylohyal  {ibid.,  sk),  articulating  inferiorly 
with  the  epihyal  (eh),  and  the  latter  with  the  large  ceratohyal  {ch) ; 
the  two  latter  carrying  the  branchiostegals.  The  inferior  part  of 
this  arch  is  formed  by  the  basihyal  (bh),  fi-om  which  the  ghssohyal 
{gh)  extends  forwards  into  the  tongue,  and  posteriorly  articulates 
with  the  first  of  the  basibranchials,  mentioned  below.     The  urohyal 
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(uA)  is  a  vertically-compressed  median  bone,  extending  backwards 
from  the  basihyals.  Behind  the  hyoid  arch  occur  the  branchial 
arches^  the  first  of  which  consists  of  a  median  basibranchial,  and 
laterally  from  below  upwards  of  a  hypobranchial^  ceratobranchial 
(fig.  844,  cb\  epibranchial  (eb\  and  pharyngobranchial.  The  latter 
bones  in  the  second  and  third  arches  are  called  superior  pharyngeals^ 
and  generally  carry  teeth.  Finally,  the  gill-rakers  (fig.  844,  gr^  are 
spine-like  bones  attached  to  the  inner  margins  of  the  branchial  arches. 

In  the  mandible  there  is  usually  (^g,  843) 
a  dentary  and  articular  piece ;  but  an  angu- 
lar, and  more  rarely  a  splenial  or  coronoid, 
may  also  be  present 

In  the  appendicular  skeleton,  we  find  the 
pectoral  girdle  of  Ganoids  and  Teleosteans 
consisting  inferiorly  of  the  primary  cartila- 
ginous elements  corresponding  to  the  scap- 
ula and  coracoid  (fig.  844,  sc^  co),  and 
superiorly  and  laterally  of  a  secondary  chain 
of  bones  developed  from  membrane,  and 
articulating  superiorly  with  the  pterotic 
r^on  of  the  skull.  The  bones  of  this 
secondary  chain  are  named  from  above 
downwards  posttemporal  (fig.  844,  //),  su- 
praclavicular (scl),  clavicular  (cl\  and  a 
pastclavicular  of  two  pieces  (pel)-,  while 
there  may  be  also  an  infraclavicular  be- 
low the  clavicular.  In  Elasmobranchei 
only  the  cartilaginous  primitive  girdle  is 
developed;  while  in  Dipnoi  the  girdle 
is  of  very  peculiar  structure,  and  some- 
what intermediate  between  that  of  Elas- 
mobranchei and  Teleostei.  The  pelvic 
girdle  is  generally  wanting ;  but  in  the 
Dipnoi  there  is  a  median  cartilaginous 
plate,  with  anterior  and  posterior  paired 
processes,  of  which  the  former  are  iliac, 
and  the  latter  give  attachment  to  the  hind 
limbs.  Elasmobranchs  generally  show  a 
degenerate  pelvis  of  this  type. 

The  pectoral  and  pelvic  limbs,  or  fins,  are 
so  similar  in  structure  that  they  may  be  considered  together, 
although  the  development  of  the  latter  is  less  specialised  than 
that  of  the  former.  No  representatives  of  the  arm  and  fore-arm 
of  the  higher  Vertebrates  can  be  detected  in  Fishes,  the  basal  and 
radial    bones  or  cartilages  articulating   directly  with  the   pectoral 

VOL.  II.  c 


Fig.  845.— Skeleton  of  the  left 
pectoral  limb  of  Crr»/«/«*.  Re- 
duced.   (After  Ganther.) 
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girdle.  In  the  Dipnoi,  and  especially  in  Ceratodus^  the  pectoral 
(fig.  845)  and  pelvic  fins  are  supported  by  a  cartilaginous,  median, 
segmented  axis,  bearing  jointed  radii  on  the  dorsal  and  ventral 
borders — these  radial  cartilages  being  terminated  by  homy  dermal 
fin-rays ;  and  the  dorsal  radii  (left  side  of  figure)  being  more  numer- 
ous than  the  ventral.  This  type  of  fin,  which  also  occurs  in  the 
Ichthyotomous  Elasmobranchei,  is  known  as  the  archipterygium. 
From  this  slightly  unsymmetrical  type  of  fin  that  of  existing  Sel- 
achian Elasmobranchs  (fig.  846)  may  be  derived  by  the  gradual  sup- 
pression of  the  ventral  series  of  rays,  and  the  development  of  the 
dorsal,  which  has  now  become  lateral.  Basally  the  jointed  radial  car- 
tilages articulate  proximally  with  the  pro-y  meso-^ 
and  metapterygium,  which  in  their  turn  are  at- 
tached to  the  pectoral  arch,  and  the  latter  of 
which  corresponds  to  the  basal  axial  cartilage 
of  the  fin  of  Ceratodus  {^g,  845).  In  the 
pelvic  fin  of  the  Selachians  the  mesopterygium 
is  absent,  and  the  propterygium  more  or  less 
rudimentary.  This  type  of  fin  is  known  as  the 
ichthyopierygium.  The  fins  of  Ganoids  and 
Teleosteans  may  be  derived  from  the  Selachian 
type;  but  the  primary  cartilaginous  skeleton  is 
Fig.  846.— skdeton  of  Tcduced,  and  a  secondary  one  developed  by  the 
the  u'ft  ]p«c«o«»  Hmb  of  introduction  of  membrane  bones. 
>,Pr<?%M,MLo-;'w/,  Before  leaving  the  structure  of  Fishes,  men- 
>^upu.rygiuni.    Much  ^-^^   ^^^^  ^^  ^^^^  ^^  ^^  otoliths,  which  are 

small,  rounded,  elliptical  bodies,  usually  with  one 
convex  and  one  concave  side,  lying  in  the  tympanic  sac,  and  com- 
posed of  both  calcic  carbonate  and  phosphate.  These  bodies  have 
been  carefully  studied  by  Dr  Koken,  and  several  genera  identified 
by  their  evidence  in  a  fossil  state. 

As  regards  their  distribution  in  time.  Fishes  being  the  lowest 
class  of  the  Vertebrata,  it  would  naturally  be  supposed  that  they 
were  the  earliest  representatives ;  and  this  appears  to  have  been  the 
case.  The  earliest  known  fishes  in  Britain  belong  to  the  Ganoid 
group  Placodermata,  and  occur  in  the  Lower  Ludlow  group  of  the 
Silurian ;  while  the  Elasmobranchei  were  represented  in  the  topmost 
group  of  the  same  series.  In  the  Devonian  and  Carboniferous 
periods  Fishes  become  abundant;  but  all  the  forms  from  these 
horizons,  and  up  to  the  Cretaceous,  belong  to  the  Elasmobranchei, 
Chimseroidei,  Dipnoi,  and  Ganoidei — the  specialised  Teleostei  not 
making  their  appearance,  so  far  as  we  know  with  certainty  at  present, 
till  the  Cretaceous.  The  Ganoids  of  the  suborder  Amioidea  ap- 
proximate, however,  so  closely  to  the  Teleostei,  that  it  has  been  a 
question  whether  some  of  the  members  of  the  Jurassic  family  Lepto- 
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kpidida^  which  are  usually  placed  in  the  former,  should  not  be 
transferred  to  the  latter  group ;  and  we  may  thus  confidently  expect 
to  find  a  complete  transition  between  the  two.  Although  many  of 
the  Cretaceous  Teleostei  are  more  or  less  closely  allied  to  existing 
types,  it  is  not  until  the  Eocene  that  we  find  a  fish-fauna  compar- 
able to  that  of  the  present  day ;  and  we  may  note  that  the  resem- 
blance of  the  fishes  of  the  Eocene  to  those  now  living  is  in  marked 
contrast  to  what  obtains  in  Mammals,  where  the  majority  of  Eocene 
genera  are  extinct  The  persistence  of  some  genera  of  Fishes 
throughout  long  geological  epochs  is  indeed  a  noteworthy  cir- 
cumstance, and  is  nowhere  more  marked  than  in  the  case  of 
CeratoduSy  which  has  lived  on  continuously  from  the  Triassic  period 
of  Europe,  and  also  from  that  of  certain  North  American  beds, 
which  are  usually  referred  to  the  Permian. 

In  regard  to  the  origin  of  the  various  orders  of  Fishes,  it  is  pretty 
evident  that  the  Teleostei  were  derived  from  the  Ganoidei,  and  that 
the  Dipnoi  were  closely  related  to  one  branch  of  the  latter.     The 


Fig.  847.— Cooodontt,  greatly  enlarged,     a,  b,  Acodux  acutut :  c,  d,  PrUmodus  eUgam;  b. 
Ad  "-«««««^  fonn;  a-d,  From  the  Silurian  of  Russia;  b,  From  the  Carboniferous  of  North 


Anerica.    (After  Pander  and  Newbory.) 

phylpgenetic  relationship  of  the  Ganoids  to  the  Elasmobrancheans 
is,  however,  stiU  unsettled,  although  recent  researches  tend  to  show 
a  close  connection  between  the  more  primitive  and  least  specialised 
groups  of  the  two  orders.  Palaeontology  has  not,  indeed,  yet  taught 
us  firom  what  group  of  animals  these  primitive  Ganoids  and  Elasmo- 
branchs  were  themselves  derived.  It  has,  however,  been  suggested 
by  Professor  Cope  that  the  Placodermoid  Ganoids  were  closely  re- 
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lated  to  the  Ascidian  Invertebrates ;  and  if  this  suggestion  should 
prove  well  founded,  it  would  seem  to  indicate  that  the  group  men- 
tioned is  closely  allied  to  the  real  ancestors  of  the  class.  Possibly, 
however,  these  ancestors  are  to  be  sought  in  another  direction,  since 
it  has  been  thought  that  minute  tooth-like  bodies  found  in  beds 
ranging  from  the  Upper  Cambrian  to  the  Carboniferous,  and  known 
as  Conodonts  (fig.  847),  are  really  the  teeth  of  Fishes.  It  was  con- 
sidered probable  at  one  time  that  these  curious  fossils,  which  rarely 
exceed  two  millimetres  in  length,  might  be  teeth  of  extinct  members 
of  the  Cyclostomi ;  but  their  internal  structure  is  so  different  from 
the  teeth  of  the  existing  forms  of  that  order,  that  if  they  belong  to 
Fishes  at  all,  they  must  apparently  indicate  an  extinct  division.  A 
great  variety  of  forms  of  these  Conodonts  have  been  described,  and 
have  received  distinct  generic  and  specific  names.  It  is  the  opinion 
of  some  authorities  whose  judgment  is  entitled  to  great  considera- 
tion that  these  fossils  should  be  regarded  as  the  jaws  of  Annelids  ^ 
or  Trilobites;  but  the  question  as  to  their  real  nature  must  be 
regarded  as  still  undecided. 

*  Vide  suprat  vol.  i.  p.  480. 
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CHAPTER    XLVII. 

CLASS    PISCES— continued. 

Orders  Cyclostomi  and  Elasmobranchei. 

Order  I.  Cyclostomi.  —  The  Cyclostomi,  which  include  the 
Hag-fishes  {Myxine  and  Bdellostomd)  and  Lampreys  (Petromyzori) 
being  at  present  unknown  in  a  fossil  state,  require  no  further  notice 
in  the  present  work. 

Order  II.  Elasmobranchei. — ^This  order,  which  is  also  known 
under  the  name  of  Chondropterygii,  includes  a  peculiar  extinct 
group  termed  the  Ichthyotomi,  together  with  the  modem  Sharks, 
Dog-fishes,  Saw-fishes,  and  Rays,  collectively  constituting  the  Se- 
lachii,  and  all  of  which  are  typically  of  marine  habits.  For  palseon- 
tological  purposes  this  order  may  be  characterised  as  follows :  The 
skeleton  is  invariably  cartilaginous,  and  membrane  bones  are,  with 
some  possible  exceptions,  absent  in  the  skull ;  the  vertebral  column 
is,  however,  generally  divided  into  distinct  segments,  of  which  the 
centra  may  be  marked  by  a  calcification  differing  in  structure  from 
true  bone.  In  the  skull,  which  may  be  either  movably  or  immov- 
ably connected  with  the  vertebral  column,  the  palatopterygoid  bar 
and  hyomandibular  suspensorium  are  never  fused  with  the  cranium. 
NVhen  an  exoskeleton  is  developed,  it  consists  of  small  dermal  gran- 
ules, of  which  the  structure  is  the  same  as  that  of  teeth.  In  all 
existing  forms  the  optic  nerves  simply  cross  one  another,  without 
any  interlacing  of  their  component  fibres ;  the  bulbus  arteriosus  of 
the  heart  has  three  series  of  valves ;  the  intestine  is  furnished  with 
a  spiral  valve ;  and  the  ova  are  of  large  size  and  few  in  number. 

A  few  words  may  be  said  explanatory  of  some  of  the  above-men- 
tioned and  other  features  in  existing  forms  before  proceeding  to  the 
systematic  part  In  all  forms,  as  already  mentioned,  there  is  a 
separate  suspensorial  arrangement  articulating  with  the  cranium,  to 
which  the  mandible  is  attached ;  this  structure  being  termed  hyosty- 
lic.      Usually  there  is  a  hyomandibular  suspensorium  intervening 
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between  the  cranium  and  the  palatopterygoid  bar ;  but  in  Notidanus 
(fig.  86 1 )  the  hyomandibular  element  takes  no  share  in  the  support 
of  the  mandible,  and  the  palatopterygoid  articulates  directly  with 

the  cranium;  this  probably  being 
the  primitive  type.  The  gills  (fig. 
848)  are  attached  to  the  skin  by 
their  margins;  while  they  usually 
communicate  with  the  exterior  by 
five  apertures,  or  clefts,  which  may 
be  very  rarely  increased  to  six  or 
seven.  The  mouth  is  very  gener- 
ally situated  on  the  inferior  aspect 
of  the  body  (fig.  849),  and  is  fur- 
nished with  numerous  teeth  carried 
on  the  palatopterygoid  bar  and 
Meckel's  cartilage  (fig.  861).  These 
teeth  may  be  either  sharp  and  separ- 
ate, or  articulated  together  so  as  to 
form  a  more  or  less  pavement-like 
structure;  and  in  the  former  case 
there  is  a  continuous  succession  of 
new  teeth  developed  from  behind 
as  the  old  ones  are  worn  out  Both 
median  and  paired  fins  are  present ; 
indicitink  the  direction  of  the  currents,  the  position  of  the  pelvic  pair  being 
5fded^?'A.?BS^SLd*^^^  always  abdominal.     In  all  existing 

giii-siits;  X,  Sepu  between  pouches;  br,  forms   the   skeleton   of  the  limbs 
'*"*^  "^  forms     an     ichthyopterygium     (fig. 

846);  but  in  the  Carboniferous  and  Permian  Ichthyotomi  there 
is  either  a  uniserial  or  biserial  archipterygium^  like  that  of  the 
Dipnoi.  The  posterior  termination  of  the  vertebral  column  is  gener- 
ally heterocercal,  with  the  upper  lobe  of  the  caudal  fin  greatly  elon- 


Fig.  848. — Diagram  of  one  side  of  the  gills 
and  gill-pouches  in  a  Selachian  ;  the  arrows 


Fig.  849.— Spiny  Dog-fish  (AcamtA/as).    Reduced. 

gated  (fig.  849).  The  spines  frequently  borne  by  the  dorsal  fins 
and  in  the  nuchal  region,  constituting  the  so-called  ichthyodorulites, 
have  their  bases  simply  embedded  in  the  flesh,  and  are  consequently 
immovable.     There  is  no  swim-bladder.     The  term  spiracles  is  ap- 
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plied  to  apertures  connected  with  respiration  found  on  the  upper 
aspect  of  the  head;  while  the  intercalary  cartilages  are  ovoid  or 
diamond-shaped  structures  occiurring  between  the  neural  arches  of 
the  vertebrae- 
Mr  Smith-Woodward  observes  that  a  gradual  advance  in  the  de- 
gree of  calcification  of  the  axial  skeleton  may  be  observed  as  we  trace 
the  members  of  the  order  from  the  Palaeozoic  upwards,  the  oldest 
forms  not  having  the  notochord  differentiated  into  distinct  vertebral 
centra,  of  which  we  find  the  first  complete  types  in  the  Lower  Liassic 
Pakeospinax,  Here,  however,  the  centra  merely  assume  the  form 
of  double  cones,  only  very  slight  traces  of  the  peripheral  calcifica- 
tions necessary  to  form  the  biconcave  centra  of  the  later  types  being 
visible.  In  the  Lower  Kimeridgian  lithographic  stone  of  the  Con- 
tinent, centra  of  the  complete  asterospondylic  type  are  first  met  with. 
The  same  authority  mentions  that  the  Palaeozic  types  are,  as  a 
rule,  characterised  by  the  great  development  of  the  exoskeleton, 
although  a  few  forms  like  PUuracanthtis  appear  to  have  had  naked 
bodies.  These  early  dermal  structures  are  also  noticeable  for  their 
elaborate  sculpture,  this  being  equally  developed  on  the  dermal 
granules  (shagreen),  and  on  the  fin  and  cephalic  spines.  Smooth 
fin-spines  appear  to  be  very  rare  in  the  Palaeozoic,  and  it  is  not  till 
we  reach  the  Upper  Trias  and  Lias  that  spines  completely  covered 
with  smooth  ganoine  are  met  with. 

In  r^ard  to  the  teeth,  Mr  Woodward  observes  that  "pointed 
teeth  and  obtuse  teeth  occur  among  the  earliest  Elasmobranchs ; 
but  the  former  as  well  as  the  latter  are  firmly  articulated  together, 
and  must  always  have  formed  part  of  a  dentition  in  which  several 
series  were  functional.  Though  the  teeth  of  Cladodus  and  Diplo- 
dus  \Pleuracantkus\  are  as  sharply  pointed  as  those  of  most  recent 
Sharks,  the  piercing  crown  is  placed  upon  a  broad  horizontally- 
expanded  base,  permitting  of  a  considerable  amount  of  interlock- 
ing between  one  tooth  and  another — an  arrangement  most  nearly 
paralleled  in  the  surviving  Chlamydoselache,  It  is  evident,  indeed, 
that  all  the  modem  types  of  dentition,  in  which  not  more  than  one 
or  two  series  of  teeth  are  simultaneously  functional,  are  highly  speci- 
alised modifications  of  this  primitive  arrangement ;  and  the  change 
results  from  the  deepening  and  lateral  compression  of  the  root  of 
each  tooth,  rendering  its  base  of  support  less  fixed,  and  often  not 
permitting  its  coming  into  use  until  after  attaining  the  summit  or 
passing  the  outer  side  of  the  jaw-cartilage. 

"  With  regard  to  the  disposition  of  the  teeth  in  the  mouth  as  a 
whole,  the  modem  Rays — most  Scylliida  and  Chlamydoselache — may 
be  looked  upon  as  retaining  the  most  primitive  arrangement.  In 
the  predaceous  Sharks  there  has  been  a  tendency  towards  the  rela- 
tive enlargement  of  the  prehensile  teeth  upon  the  symphysis ;  while 
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in  the  Cestraciont  Sharks  the  symphysial  teeth  have  become  small 
though  prehensile,  and  the  lateral  teeth  well  adapted  for  trituration. 
The  former  arrangement  is  particularly  characteristic  of  modem 
times ;  the  latter,  it  is  interesting  to  note,  attained  its  maximum  of 
specialisation  so  long  ago  as  the  Carboniferous  period.  In  many 
early  Carboniferous  genera  the  series  of  lateral  crushing-teeth  began 
in  part  to  fuse  into  continuous  plates  (Pleuroplax) ;  two  of  these 
plates  often  amalgamated  (Poecilodus)  \  and  in  the  most  special- 
ised of  these  Cochliodonts  (e.g,^  Deltoptychiiis\  all  traces  of  the 
boundaries  of  the  original  components  of  the  dental  plates  became 
obliterated." 

Suborder  i.  Ichthyotomi. — This  name  was  proposed  by  Pro- 
fessor Cope  for  a  group  of  primitive  Elasmobranchs,  ranging  from 
the  Devonian  to  the  Permian,  but  perhaps  also  surviving  to  the 
Trias,  and  showing  the  following  characteristic  features.  The  endo- 
skeleton  has  granular  calcifications  extending  equally  throughout 
the  cartilage ;  the  notochord  in  most,  or  all,  cases  is  not  constricted 
to  form  distinct  vertebrae ;  and  the  calcification  of  its  sheath  in  the 
precaudal  region  does  not  extend  beyond  that  very  incomplete  stage 
to  which  the  term  rhachitomous  has  been  applied — the  explanation 
of  which  is  given  below  under  the  head  of  the  Labyrinthodont  Am- 
phibians. The  neural  and  haemal  spines  of  the  vertebrae  are  long 
and  slender,  and  no  intercalary  cartilages  are  developed.  Finally, 
the  pectoral  fins  have  a  long  segmented  axis  of  the  archipterygial 
type  (fig.  850). 

It  may  be  mentioned  here  that  Dr  Koken  is  indisposed  to  admit  the 
right  of  the  Ichthyotomi  to  form  a  group  of  equal  rank,  with  that  em- 
bracing all  other  Elasmobranchs  ;  since  he  regards  the  primitive  fea- 
tures exhibited  by  the  vertebral  column,  and  the  nature  of  the  caudal  fin, 
as  only  one  degree  removed  from  those  found  in  certain  Selachii.  This 
writer,  indeed,  regards  the  Pleuracantkidce  and  CladodonHda  as  so 
closely  allied  to  the  Notidanidcs  and  Cestraciontidis  {Hybodontida)  that 
he  would  class  the  whole  of  these  families  in  a  single  group,  for  which 
he  proposes  the  name  Proselachii^  and  in  which  the  CochliodonHdcB 
should  perhaps  also  be  included.  So  far  as  regards  the  slight  import- 
ance from  a  classificatory  point  of  view  of  the  imperfect  calcification  of 
the  vertebral  column,  Dr  Koken's  views  are  in  harmony  with  those 
adopted  below  in  the  classification  of  the  Labyrinthodont  Amphibia. 

Family  PLEURACANXHiDiE. — In  this  family  the  body  is  slender 
and  somewhat  depressed ;  the  mouth  differs  from  that  of  all  the 
Selachii  in  being  terminal;  while  the  caudal  fin  is  diphycercal. 
There  is  a  long  and  low  continuous  dorsal  fin ;  while  the  pectoral 
fin  has  a  biserial  arrangement  of  rays  somewhat  after  the  fashion  of 
Ceratodus.  The  type  genus  PUuracanthus  has  received  an  almost 
bewildering  number  of  names,  of  which  it  will  sufl5ce  to  mention 
Dipiodus,    Orthacanthus^  XenacanthuSy   and  Didy modus ;  some  of 
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these,  as  their  terminations  indicate,  having  been  applied  to  spines, 
and  others  to  teeth. 

Recent  discoveries  have  enabled  us  to  attain  to  a  nearly  complete 
knowledge  of  the  anatomy  of  this  remarkable  genus,  and  a  restoration  by 
M.  Brongniart  of  one  of  the  species  is  shown  in  the  accompanying  wood- 
cut The  skin  was  quite  liaked ;  the  body  elongate,  and  the  snout 
obtuse.  The  .teeth  have  a  thick  and  depressed  root,  with  a  crown 
formed  by  two  unequal  comers  diverging  like  a  V,  with  a  small  denticle 
at  the  base  of  the  two,  and  not  unfrequently  a  minute  flattened  mammilla 
posteriorly.  In  the  male  the  pelvic  fins  cany  a  robust  "  clasper."  At  the 
top  of  the  head  there  was  a  large  barbed  spme  (fig.  852,  i),  with  a  double 
row  of  serrations,  and,  according  to  the  restoration  (fig.  850),  supporting  a 


Fig.  850.— Restoration  of  the  skeleton  of  PUuracanthux  Gaudryi;  from  the  Carboniferous 
of  France,  reduced.    (After  Brongniart.) 

cephalic  fin.  In  the  skull,  according  to  Dr  Koken,  there  was  a  distinct 
hyomandibular,  but  the  palatopterygoid  bar  had  a  direct  connection 
with  the  postorbital  process  of  the  cranium,  as  in  Notidanus,  Dr  Koken 
would  slightly  modify  the  structure  of  the  pectoral  fin  from  that  given  in 
^%,  8  ja  The  dorsal  fin  is  of  great  length,  extending  backwards  as  far  as 
the  diphycercal  caudal,  from  which  it  is  separated  by  a  deep  notch. 
AccoTxiing  to  M.  Brongniart's  restoration  the  anal  fin  was  double, 
and  its  two  divisions  ^d  a  structure  curiously  like  that  of  limbs  ; 
Dr  Koken  considers,  however,  that  the  restoration  is  incorrect  in  this 
partictilar.  Specimens  of  the  figured  species  attain  a  length  of  more  than 
a  yard. 

In  time  this  genus  extends  from  the  Carboniferous  to  the  Lower 
Permian;  while  in  space  its  range  embraces  both  Europe  and 
North  America.  Chondrenchelys^  from  the  Lower  Carboniferous  of 
Dumfriesshire,  which  is  provisionally  referred  to  the  same  family,  has 
no  cephalic  spine.  Detached  teeth  from  the  Keuper  of  Somerset, 
described  under  the  name  of  Diplodus^  apparently  indicate  the  sur- 
vival of  a  form  allied  to  Pieuracanthus  in  the  Triassic  period. 

Family  CLADODONTiDiE. — The  second  family  of  this  suborder  is 
too  imperfectly  known  to  admit  of  definition  ;  but  it  appears  that  in 
the  type  genus  the  pectoral  fin  had  only  one  series  of  rays,  and  was 
thus  intermediate  between  that  of  Pieuracanthus  and  the  fins  of 
the  SelachiL     The  type  genus  Cladodus  had  a  broad  and  depressed 
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head,  with  the  teeth  arranged  in  numerous  rows.  The  crowns 
of  these  teeth  present  some  resemblance  to  those  of  the  Selachian 
Hybodus  (fig.  865) ;  consisting  of  one  large  cone,,  flanked  on  either 
side  by  one  or  more  smaller  cones,  of  which  the  outermost  is 
generally  the  largest  This  genus  is  exclusively  Carboniferous,  and 
occurs  both  in  Europe  and  North  America;  a  large  number  of 
species  being  known.  Dicentrodus,  of  the  Scottish  Carboniferous, 
is  distinguished  by  the  teeth  having  only  a  single  lateral  cone 
developed  on  one  side.  Phctbodus^  of  the  Devonian  of  Iowa,  is 
an  allied  genus,  with  the  lateral  cones  of  the  teeth  at  least  as  large 
as  the  middle  cone ;  while  in  Lambdodus^  of  the  North  American 
Palaeozoic,  these  lateral  cones  are  totally  wanting.  In  DicrenoduSy 
of  the  Carboniferous  of  both  Europe  and  North  America,  we  have 
a  modification  of  the  Cladodont  tooth,  in  which  the  central  cone  is 
compressed,  with  the  cutting-edges  serrated ;  while  the  lateral  cones 
may  either  be  two  in  number,  or  absent.  Finally,  the  North 
American  Palaeozoic  genus  Hypocladodus  differs  from  the  preceding 
by  the  absence  of  serrations  on  the  edges  of  the  central  cone ;  the 
lateral  cones  being  invariably  absent 

Suborder  2.  Selachii. — The  existing  Sharks,  Rays,  and  their 
allies  are  characterised  by  the  endoskeleton  being,  as  a  general 
rule,  only  superficially  calcified ;  while,  except  in  some  of  the  earlier 
forms,  the  notochord  is  constricted  at  the  centre  of  each  vertebra. 
The  neural  and  haemal  arches  of  the  vertebrae  are  short  and  stout ; 
and  intercalary  cartilages  are  nearly  always  developed.  The  pectoral 
fin  (fig.  846)  has  not  a  segmented  axis,  being  of  the  ichthyopterygial 
type ;  and  the  axis  of  the  pelvic  fin  of  the  male  is  produced  into  the 
so-called  "  clasper,"  which  is  connected  with  reproduction.  Some 
of  the  other  features  of  this  suborder  have  been  already  mentioned 
at  the  commencement  of  this  chapter.  The  Selachians  may  be 
divided  into  two  sections,  according  to  the  structure  of  the  vertebral 
centra.  In  the  one  the  anal  fin  disappears,  and  there  is  a  tendency 
to  the  depression  of  the  body  and  the  enlargement  of  the  pectoral 
fins,  but  there  is  no  diminution  in  the  size  of  the  spiracle,  and  the 
vertebrae,  when  fully  developed,  are  of  the  type  known  as  tectospon- 
dylic.  In  the  other  section  the  anal  fin  persists ;  the  shape  of  the 
body  is  always  rounded — not  even  excessively  flattened  in  the 
Sdliiida;  the  spiracle  tends  to  abort,  and  may  be  almost  or  totally 
absent  in  the  most  specialised  forms;  while  the  fully  developed 
vertebrae  are  of  the  type  known  as  asterospondyiic.  The  type  of 
vertebral  centra  known  as  cyclospondylic  occurs  in  the  immature 
condition  of  both  sections. 

Section  a.  Tectospondyli. — In  this  section  the  vertebral  centra, 
when  fully  calcified,  have  the  concentric  laminae  predominating  over 
those  that  radiate  from  the  centre.     The  anal  fin  is  invariably  want- 
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ing ;  while  specialisation  shows  itself  in  the  depression  of  the  body 
and  the  enlargement  of  the  pectoral  fins — the  spiracles  being  always 
retained.  This  section  includes  the  Spiny  Dog-fishes,  Saw-fishes, 
Eagle-rays,  and  Rays. 

Family  SpiNACiDiE. — In  this  family,  which  includes  the  exist- 
ing Spiny  Dog-fishes  (fig.  849),  we  have  generalised  forms,  with  the 
body  more  or  less  rounded,  and  but  slightly  depressed.  The  teeth 
are  pointed ;  the  pectoral  fins  are  devoid  of  a  notch  at  their  root, 
and  are  not  expanded  anteriorly;  while  the  gills  are  small  and 
lateral,  and  the  spiracles  large.  One  fossil  species  referred  to  the 
existing  Mediterranean  genus  Centrina  has  been  recorded  from  the 
Pliocene  of  Italy ;  but  this  determination  is  not  absolutely  certain. 
Acanihias  (fig.  849),  of  which  two  species  are  found  at  the  present 
day  in  the  temperate  seas  of  both  hemispheres,  occurs  in  the  Chalk 
of  the  Lebanon,  and  also  in  the  Miocene  of  Wiirtemberg.  Another 
fossil  form  firom  the  Lebanon  has  been  referred  to  the  existing  genus 
Centrophorus^  but  it  may  perhaps  belong  to  Acanthias.  The  exist- 
ing genus  Spinax  has  been  recorded  from  the  Italian  Pliocene. 
With  Scymnus  we  come  to  another  existing  genus,  differing  from  all 
those  that  precede  by  the  absence  of  fin-spines.  It  occurs  fossil  in 
the  Pliocene  of  Italy,  which  has  also  yielded  remains  referred  to  the 
allied  Echinorhinus, 

Family  PEXALODONXiDiE. — ^The  Petalodonts  form  a  family  ex- 
clusively Carboniferous,  presenting  the  following  characters.  The 
body  was  somewhat  depressed,  while  the  pectoral  fins  were  large, 
and  produced  forwards  in  the  direction  of  the  head  after  the  manner 
of  the  Rays.  The  teeth  (figs. 
851,  852)  formed  a  close  pave- 
ment in  the  mouth,  and  are  com- 
pressed from  before  backwards, 
with  the  crown  more  or  less  bent 
backwards,  and  either  blunt  and 
obtuse,  or  with  a  cutting-edge,  the 
root  being  often  large.  In  the 
genus  JancLssa  {Climaxodus  or 
Strigilina\  which  is  common  to 
Europe  and  North  America,  the       Fig.  ssi.-Postcrior  asoect  of  some  of  the 

teeth  (ng.  851)  are   so   thickened      the  English  Carboniferous. 

and  reflected,  that  the  complete 

series  forms  an  almost  entirely  triturating  surface.  These  teeth  are 
arranged  in  three  chief  rows,  as  in  the  figure,  which  gradually 
diminish  in  size  anteriorly,  and  are  flanked  by  one  or  more  smaller 
rows  of  less  thickened  teeth.  The  body  is  covered  with  fine  sha- 
green. The  North  American  Fissodus  has  the  margin  of  the  crowns 
of  the  teeth  cleft  into  two  or  three  points ;  while  in  Petalarhynchus^ 
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which  is  found  both  in  Europe  and  North  America,  the  teeth  are  of 
the  same  general  type,  but  have  more  compressed  crowns,  with  long 
undivided  roots.  Again,  in  Petalodus^  which  has  the  same  distribution 
as  the  preceding,  the  teeth  (fig.  852,  4)  are  much  elongated  trans- 
versely, and  compressed  from  before  backwards — the  crown  being 
petal-shaped,  with  a  smooth  or  slightly  crenulated  cutting-edge.  The 
nature  of  the  arrangement  of  the  entire  series  is,  however,  unknown. 
The  teeth  of  Ctenoptychius  (^%,  852,  6)  are  distinguished  by  the 
coarser  denticulation  of  their  cutting-edge — those  of  Callopristodus 


y  \'*XV\  ■>\-wk*.m*.*«x%«.>^% 


Fig.  85a. — Spines  and  teeth  of  Carboniferous  Elasmobranchei.  z,  Nuchal  spine  of  Pleuracan- 
thus  /ai'issimus ;  a,  Fin-spine  of  GyracantAus  ;  3,  Do.  of  Sphenaceutthu*;  4,  Tooth  of  Pttalodus 
acuminatus^  seen  fronfi  the  side ;  5,  Do.  of  Psammodus^  seen  from  above ;  6,  Do.  of  Cttnopty- 
cht'us.     1-3  are  reduced. 

differing  from  the  latter  by  the  absence  of  enamel-folds  at  the  base 
of  the  crown,  and  also  by  the  nature  of  the  root.  It  is  probable 
that  both  these  genera  occur  in  North  America  as  well  as  in  Europe. 
In  Polyrhizodus  {Daciylodus),  of  both  Europe  and  North  America, 
the  teeth  are  extremely  stout,  with  low  crowns,  usually  having  a 
sharp  cutting-edge  devoid  of  crenulations,  and  a  large  root  divided 
into  a  number  of  rootlets.  Other  allied  genera  from  Europe  are 
known  as  Glossodus  and  Mesolophodus. 

Family  PRiSTODONTiDiE. — This  family  is  only  known  by  the 
genus  Fristodus,  of  the  European  Carboniferous,  in  which  the  crown 
of  each  tooth  is  thin,  plate-like,  and  symmetrical,  with  hollows  corre- 
sponding to  elevations  in  the  opposing  tooth  of  the  opposite  jaw.  It 
has  been  suggested  that  each  jaw  carried  only  a  single  tooth. 

Family  SguAXiNiDiE. — ^With  this  family  we  come  to  a  group  rep- 
resented at  the  present  day  by  the  Monkfish,  of  which  the  skele- 
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ton  of  the  pectoral  fin  is  shown  in  fig.  846  (p.  920).  The  body  is 
depressed,  with  the  mouth  placed  anteriorly;  while  the  pectoral 
fins  are  much  produced  anteriorly,  although  unconnected  with 
the  head.  The  teeth  are  conical 
and  pointed  ;  and  the  dorsal  fins  are 
without  spine,  and  placed  on  the  tail. 
The  only  known  genus  is  Squatina 
{Rhina\  which  ranges  from  the 
Kimeridgian  upwards  to  the  present 
day;  although  some  of  the  fossil 
species  have  been  described  under 
other  names,  such  as  Tkaumas. 
Beautifully  preserved  skeletons  occur 
in  the  Lower  Kimeridgian  litho- 
graphic limestones  of  Bavaria,  one 
of  which  is  shown  in  the  accompany- 
ing woodcut  Other  species  have 
been  named  from  the  Chalk  of  the 
Lebanon  and  of  England,  and  also 
fix)m  the  Miocene  and  Pliocene  of 
the  Continent ;  while  detached  teeth 
are  found  in  the  English  Gault,  the 
London  Clay,  and  the  Red  Crag. 

Family  PRisriDiE. — In  the  true 
Saw-fishes  the  body  is  scarcely  de- 
pressed, the  pectoral  fins  are  not 
much  expanded,  and  the  gill-slits  are 
placed  inferiorly.  The  most  charac- 
teristic feature  is,  however,  the  so- 
called  ''saw,"  which  is  a  long  and 
flat    calcified    prolongation    of  the  ' 

snout,  armed  with  a  series  of  large  J^^>:::^^r^'i^i^^. 
pointed  teeth  on  either  border.     Re- 
mains of  the  single  existing  genus 
Pristis  occur  in  the  Middle  Eocene 

of  Barton  and  Bracklesham ;  in  the  Middle  and  Lower  Eocene  and 
Micoene  of  the  Continent ;  and  the  Eocene  and  Upper  Cretaceous 
of  North  America.  Propristis^  from  the  Eocene  of  Egypt,  is  said 
to  differ  by  the  absence  of  calcification  in  that  part  of  the  "saw" 
which  supports  the  teeth ;  Amblypristis^  of  the  same  beds,  has 
shorter  and  broader  teeth  than  Pristis  ;  while  Sclerorhynchus^  which 
may  belong  to  the  Pristiophoridce^  differs  in  the  structure  of  the 
"  saw,"  and  the  small  size  of  the  rostral  teeth.  The  latter  family, 
which  has  lateral  gill-slits,  may  be  represented  in  the  Miocene  of 
Wiirtemberg  by  a  species  of  the  existing  Pristiophorus, 


g^an  of  Bavaria,  two-thirds  natural  size. 
a,  Mandible ;  ^,  Pectoral  ^rdle ;  f ,  Pec- 
total  fin ;  </,  Pelvis ;  r,  Pelvic  fin. 
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Fig.  854.— Skeleton  of  Rhinohatis  bugetiaca;  from  the  Kimeridgian  of  Bavaria, 
one-twelfth  natural  size.    (After  Zittel.) 
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Family  RHiNOBATiDiE — With  this  family  we  come  to  Fishes  to 
which  the  general  term  Rays  may  be  applied;  all  of  them  are 
characterised  by  their  extremely  depressed  bodies  and  the  great  de- 
velopment of  the  pectoral  fins,  so  that  the  body  proper  with  its  fins 
is  termed  the  "  disk."  The  teeth  always  form  a  kind  of  pavement 
(figs.  856,  857).  In  the  present  family  the  tail  is  long  and  stout, 
with  two  well-developed  dorsal  fins ;  while  there  is  also  a  caudal  fin, 
with  a  longitudinal  fold  on  either  side.  The  disk  is  not  excessively 
developed ;  the  rayed  portion  of  the  pectoral  fins  not  extending  to 
the  snout  The  type-genus  Rhinobatis  {Spathobatis)  is  represented 
at  the  present  day  by  about  a  dozen  species,  which  inhabit  the 
warmer  seas,  and  attain  huge  dimensions.  The  snout  is  produced 
into  a  long  rostrum,  which  is  connected  with  the  pectoral  fin  by  a 
membranous  expansion  (fig.  854).  The  teeth  are  obtuse ;  and  the 
dorsal  fins  are  devoid  of  spines.  In  time  this  genus  ranges  from 
the  Kimendgian  to  the  present  day ;  species  being  recorded  from 
the  lithographic  limestones  of  Bavaria  (fig.  854)  and  France ;  from 
the  Portlandian  of  France ;  the  Chalk  of  the  Lebanon  and  Italy ; 
the  Middle  Eocene  of  Monte  Bolca ;  the  Miocene  of  Wiirtemberg ; 
and  other  localities.  The  Austral- 
ian Trygpnorhina^  which  differs  in 
the  structure  of  the  nasal  valves, 
is  said  to  occur  in  the  Middle 
Eocene  of  Italy.  Finally,  the  gen- 
era BeUmnobatis  and  AsterodermuSy 
respectively  from  the  Kimendgian 
of  France  and  Bavaria,  appear  to 
connect  the  present  with  the  fol- 
lowing family. 

Family  RAiiDiE. — In  the  true 
Rays  or  Skates  (fig.  855)  the 
disk  is  broad  and  rhomboidal, 
and  usually  has  dermal  rugosities ; 
while  the  rayed  portions  of  the 
pectoral  fins  extend  to  the  com- 
paratively short  snout  The  tail 
is  also  shorter  than  in  the  Rhino- 
hatida^  with  a  longitudinal  fold; 
and  the  development  of  the  median 
fin  is  subject  to  considerable  varia- 
tion. The  type  genus  Raia  {AcHnobatis)  has  the  tail  very  distinct 
hom  the  body  (fig.  855);  the  pectoral  fins  not  reaching  to  the 
extremity  of  the  snout ;  two  dorsals,  and  either  a  rudimental  or  no 
caudal  fin.  The  dentition  (figs.  856,  857)  often  varies  greatly  in  the 
two  sexes ;  some  or  all  of  the  teeth  in  the  male  being  sharp,  while 


Fig.  855.— The  Burton  Skate  {Rtua  mar- 
one  •sixth  natural  size.      Recent. 
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itain.    (After  Gosse.) 
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all  those  of  the  female  are  obtuse.  Some  of  these  Skates  measure 
upwards  of  seven  feet  across  the  disk.  In  a  fossil  state  this  genus 
occurs  in  the  Chalk  of  the  Lebanon,  and  the  Upper  Eocene  of 
Hampshire;  and  also  in  the  Suffolk  Crags  and  Italian  Pliocene, 
where  it  is  represented  by  the  living  R,  clavata  (figs.  856,  857). 
The  extinct  Dynatobatis^  from  the  Tertiary  of  South  America,  is  dis- 
tinguished by  the  enormously  expanded  bases  and  the  small  spines 


Fig.  856.— Front  view  of  the  jaws  of  the  male  Thornback  Skate  (A'o/a  cuofata).     Reduced. 

of  the  dermal  tubercles  with  which  the  body  is  studded.  Acantho- 
batis^  from  the  Middle  Miocene  of  France  and  Wiirtemberg,  has  tall 
dermal  tubercles,  with  small  bases,  which  often  fuse  together  into 


Fig.  857.— Front  view  of  the  jaws  of  the  female  Thornback  Skate  (Rcua  clavatd^     ReduOKl. 

groups ;  while  Oncobatis  of  the  Pliocene  of  Idaho,  which  has  these 
tubercles  of  a  pentagonal  form,  may  be  identical  with  the  type 
genus. 

Family  ToRPEDiNiDiE. — The  Electric  Rays  have  the  disk  broad 
and  smooth ;  the  rayed  portion  of  the  pectoral  fins  not  continued 
beyond  the  base  of  the  snout,  and  the  median  fins  well  developed. 
The  peculiar  electric  organ  is  placed  between  the  head  and  the 
pectoral  fins.  Extinct  species  of  the  existing  genus  Torpedo  occur 
in  the  Middle  Eocene  of  Monte  Bolca,  near  Verona. 

Family  PsAMMODONXiDiE. — This  extinct  family  is  known  only  by 
portions  of  the  dentition,  so  that  its  definition  is  at  present  impos- 
sible. It  appears,  however,  from  the  parallelism  of  the  mandibular 
rami  that  the  body  must  have  been  depressed  like  that  of  the  Rays. 
The  teeth  (fig.  852,  5)  are  of  a  flattened  quadrangular  form,  with 
the  root  nearly  as  large  as  the  crown,  and  were  arranged  in  one  or 
more  longitudinal  rows,  which  were  arched  antero-posteriorly  with 
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some  alternation  of  the  teeth  of  adjacent  rows.  The  genus  Copodus 
has  symmetrical  teeth,  with  the  postero-lateral  angles  of  the  root, 
and  sometimes  also  of  the  crown,  produced  backwards ;  the  teeth 
being  narrowest  in  front,  with  the  anterior  margin  usually  either 
straight  or  convex.  The  crown  surface  when  unworn  is  rugose,  and 
marked  by  a  more  or  less  transverse  line,  which  sometimes  permits 
the  two  portions  to  be  separated.  This  genus  occurs  in  the  Car- 
boniferous of  Europe  In  the  typical  Psammodus  the  teeth  (fig. 
852,  5)  are  quadrangular,  generally  more  or  less  oblong,  but  occa- 
sionally nearly  square,  with  the  root  much  thicker  than  the  crown, 
fh)m  which  it  is  easily  separable ;  the  surface  of  the  crown  being 
generaUy  marked  by  transverse  wrinkles.  It  is  probable  that  the 
teeth  were  arranged  in  the  jaws  in  four  longitudinal  rows.  Psam- . 
modus  is  represented  by  a  considerable  number  of  species  from  the 
Carboniferous  of  both  Europe  and  North  America.  Lastly,  Archa- 
obatis^  from  the  Carboniferous  of  Indiana,  is  an  allied  form,  with 
very  large  pavement-like  teeth  arranged  in  several  rows,  of  which 
the  under  surfaces  are  somewhat  excavated  to  fit  the  curvature  of 
the  jaws. 

Family  MvLiOBAXiDiE. — With  the  Eagle-rays  we  come  to  an  exist- 
ing family  well  represented  in  a  fossil  state  as  far  down  as  the  Lower 
Eocene ;  vertebrae  from  Cretaceous  and  Jurassic  beds  having  been 
also  referred  to  this  family.  The  disk  is  very  large,  owing  to  the 
great  development  of  the  pectoral  fins,  which  stop  short  at  the  sides 
of  the  head,  but  reappear  at  the  extremity  of 
the  snout  in  the  form  of  a  small  single  or 
paired  cephalic  fin.  The  tail  is  extremely 
slender,  and  resembles  a  whip-lash;  and  the 
dentition,  when  present,  forms  a  complete 
pavement.  The  type  genus  Myliobatis  has 
the  head  free  from  the  disk,  and  a  single 
cephalic  fin.  The  teeth  are  large,  flat,  and 
hexagonal,  and  are  arranged  in  seven  longitu- 
dinal  rows ;  the  middle  row  in  the  adult  being 
extremely  broad,  while  the  lateral  rows  are 
lozenge-shaped  (fig.  858).  In  the  young  the 
middle  row  of  teeth  is  not  larger  than  the  Fig.  858. -Pan  of  ihc 
lateral  ones,  and  there  is  a  gradual  increase  in  'rJlttf^^loJ'.L 
the  relative  breadth  of  this  row  as  the  fish  in-     Middle  Eocene  of  Brackie- 

__,  ,  II*  sham,  Sussex.      Reduced. 

creases  m  age.  The  upper  dental  plate  is  ex-  The  second  lateral  rows  of 
tremely  convex  from  before  backwards,  but  the  irw;;^^!?!^.'^*'*'*"'^'**' 
lower  one  is  quite  flat  In  addition  to  the 
doubtful  vertebrae  mentioned  above,  this  genus  is  known  continu- 
ously from  the  Lower  Eocene  upwards,  and  has  a  wide  distribution  in 
space.  *  Thus,  in  the  Eocene,  it  is  recorded  from  Europe,  India,  and 
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North  America ;  and  it  has  also  been  described  from  the  Tertiary  of 
New  Zealand.  A  very  large  number  of  specific  names  have  been 
applied  to  the  fossil  forms,  but  Mr  S.  Woodward  has  shown  that  the 
number  of  valid  species  may  be  greatly  reduced,  since  many  of  the 
characters  on  which  they  were  founded  are  solely  due  to  differences  in 
the  age  of  the  specimens.  In  Rhinoptera  {Zygobates\  while  the  head 
is  still  free,  there  are  two  cephalic  fins,  and  the  teeth  are  arranged  in 
fiv^  or  more  rows,  of  which  the  middle  series  and  the  adjacent  pair 
are  broad,  while  the  one  or  two  pairs  on  the  borders  form  regular 
hexagons.  This  genus  is  known  from  the  London  Clay,  the  Eocene 
of  South  Carolina,  the  Swiss  Miocene,  and  the  English  Crag,  and  is 
now  represented  by  seven  species  from  tropical  and  sub-tropical  seas. 
The  existing  genus  Aetobatis  is  distinguished  from  the  preceding 
by  the  teeth  being  arranged  in  only  a  single  longitudinal  row,  which 
is  often  bent,  and  corresponds  to  the  median  row  of  Myliohatis. 
One  species  is  found  from  the  London  Clay  to  the  higher  Eocene 
of  Barton,  and  the  genus  is  also  represented  in  the  Swiss  Miocene. 
The  existing  genus  Ceratoptera  has  no  upper  teeth. 

In  this  family  may  be  provisionally  included  the  Cretaceous  genus 
Ptychodusy  which  was  long  considered  to  be  a  Cestraciont  Shark, 
__^__^  but  has  been  shown  by  Mr  Smith-Wood- 

ward to  be  a  Ray  allied  to  Myliobatis. 
The  connection  between  Ptychodus  and 
the  existing  MyliobatidiB  is  shown  by  the 
genus  Apocopodon^  from  the  Upper  Cre- 
taceous of  Brazil,  which  has  teeth  of  an 
intermediate  type;  while  some  of  the 
Eocene  species  of  Myliobatis  have  teeth 
of  nearly  the  same  form  as  those  of 
Ptychodus,  The  teeth  of  this  genus  (fig. 
859)  have  quadrangular  crowns,  with  the 
enamel  of  the  central  region  thrown 
into  a  number  of  transverse  folds,  while 
the  root  is  smaller  and  lower  than  the 
crown.  The  two  sides  of  each  jaw  are 
parallel  to  one  another,  and  the  teeth  are 
arranged  in  several  parallel  rows  running 
from  back  to  front,  as  is  shown  in  the 
accompanying  diagram  (fig.  860).  It  will  be 
seen,  moreover,  that  each  jaw  has  a  single 
median  series,  composed  of  very  small  teeth  in  the  upper,  and 
of  very  large  ones  in  the  lower  jaw ;  while  on  either  side  of  this 
median  row  there  is  a  series  of  teeth  somewhat  less  large  than 
the  median  row  of  the  lower  jaw.  The  five  external  rows  gradually 
decrease  in  size  towards  the  outer  side  of  the  jaws.      A  comparison 


Fig.  850.  —  Oral  and  lateral 
views  of  the  crown  of  a  tooth  of 
Ptychodus  Polygyrus,  from  the 
Upper  Greensand  of  Regens- 
burg.    (After  Zittel.) 
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with  fig.  858  will  show  that  the  general  plan  of  this  arrangement 

of  the  teeth  is  essentially  the  same  as  in  Myliobatis,     This  genus 

has    a    wide     distribution,     being 

found    in    the    Upper   Cretaceous 

of    Europe,     India,     and     North 

America. 

Family  TRYGONiDiE. — In  this 
fiunily  the  pectoral  fins  continue 
to  the  extremity  of  the  muzzle,  with 
which  they  are  confluent  The 
tail  is  slender,  and  sharply  distin- 
guished from  the  disk;  while  the ^ 

vertical   fins   are  imperfect  or   ab-       „.    o.     *..  ^  . 

•^  Fig.  ooo.^'Duigram  of  the  arrangement 

sent,      and      may     be      replaced      by      of  the  teeth  in  the  upper  (a)  and  lower  (b) 

serrated  spines.  There  is  some  ^-'SdwJ^^X;^'^-  <*"*'  ^- 
uncertainty  as  to  the  occurrence  of 

Trygon  in  a  fossil  state,  but  it  is  probable  that  either  this  genus  or 
the  allied  Taniura  date  from  the  Middle  Eocene  of  Monte  Bolca, 
and  remains  referred  to  the  former  have  been  described  from  the 
Upper  Cretaceous  of  New  Zealand.  The  extinct  Xiphotrygon^  from 
the  Eocene  of  Wyoming,  is  distinguished  by  its  cuspidate  teeth. 
Remains  referable  to  the  existing  tropical  genus  Urolophtis  occur  in 
the  Middle  Eocene  of  Italy,  and  perhaps  in  that  of  Belgium  ;  while 
Cydobatis  is  an  extinct  genus  from  the  Cretaceous  of  the  Lebanon. 

Section  B.  Asterospondyli. — This  section  is  distinguished  from 
the  last  by  having  the  radiating  laminae  predominating  over  the  con- 
centric ones  in  the  fully  calcified  vertebral  centra,  so  that  a  section 
shows  a  star-like  arrangement.  The  anal  fin  is  always  present; 
whfle  specialisation  does  not  tend  to  a  flattening  of  the  body,  or  to 
an  expansion  and  forward  growth  of  the  pectoral  fins,  and  the  spir- 
acles are  small,  and  may  disappear.  This  section  comprises  the 
true  Sharks  and  the  Dog-fishes. 

All  these  fishes  have  elongated  and  subcylindrical  bodies,  and  a 
strong  tail,  well  adapted  for  swimming.  The  anterior,  and  very  fre- 
quendy  all  the  teeth  are  formed  on  the  type  of  a  laterally  compressed 
cone  with  trenchant  edfi^es,  at  the  base  of  which  two  or  more  minor 
cooes  may  be  developed.  In  many  cases,  however,  the  hinder  teeth 
have  obtuse  crowns,  adapted  for  crushing.  The  two  rami  of  the  jaws 
arc  never  parallel  to  one  another,  in  consequence  of  which  the  teeth 
are  always  set  in  oblique  rows  (fig.  864),  and  never  form  the  straight 
antero-posterior  rows,  like  those  occurring  in  the  Rays  (fig.  860).  Sharks 
are  carnivorous,  and  of  active  pelagic  habits  ;  and  are  most  numerous 
in  tropical  seas^  although  they  ascend  tidal  rivers,  and  are  even  found  in 
an  inland  lake  m  the  Fiji  Islands. 

This  section  may  be  divided  into  two  series,  in  the  first  of  which 
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there  is  but  one  dorsal  fin,  and  the  number  of  the  gill-clefts  exceeds 
five. 

Family  Notidanid/E. — The  single  family  of  this  series  is  repre- 
sented by  the  genera  Notidanus  and  CMamydoselache^  both  of  which 
inhabit  the  warmer  seas.  The  dorsal  fin  has  no  spine,  and  the  teeth, 
of  which  several  series  are  in  use  at  the  same  time,  have  sharply 
pointed    cusps.       Notidanus   {Heptanchus^    Htxanckus)   is   readily 


^A^       Orh 


^r^t^ 


^nl 


•  Fig.  86i.— Left  lateral  view  of  the  skull  of  Notidiuius.  Recent.  Reduced.  /?.  Rostrum  ; 
A  Ft  PF,  Pre-  and  jpostorbital  processes;  Orb^  Orbit;  NK,  Nasal  capsule;  +,  Articulation  of 
palatoptcrygoid  {PQ)\  G,  Articulation  of  Meckel's  cartilage  {Md)\  Z,  Teeth;  WS^  Vertebral 
column.    (After  Wiedersheim.) 


characterised  by  the  inferior  position  of  the  mouth  and  the  peculiar 
form  of  the  lateral  teeth.  These  lateral  teeth  (figs.  86 1,  862)  are 
comb-like,  consisting  of  a  series  of  compressed  cones,  inclined  in 
one  direction,  and  fixed  upon  an  elongated  base ;  the  anterior  cone 
being  the  largest,  and  frequently  having  cusps  at  the  base  of  its 

anterior  border.  The  lower  teeth 
are  more  complex  than  the  upper, 
and  the  anterior  teeth  in  both  jaws 
are  simple  and  awl -shaped.  The 
primitive  position  of  this  genus  is 
shown  by  the  persistent  notochord 
and  the  characters  of  the  skull 
(fig.  861).  The  latter  approaches 
the  so-called  amphistylic  type,  differ- 
ing from  that  of  all  other  existing 
Selachians  by  the  slenderness  of  the 
upper  part  of  the  hyoid  arch,  which 
does  not  support  the  palatoptcrygoid 
bar  and  mandible.  The  palatoptcry- 
goid is  connected,  however,  with  the  cranium  by  a  distinct  facet 
articulating  with   the   postorbital  process.      This   structure  is   re- 


Fig.  862. — Lower  teeth  of  Notidanus 
gigas;  from  the  Red  Crag.  The  an- 
terior cusps  are  worn  away  in  the  lower 
figure.    (After  Smith- Wood  ward.) 
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garded  by  Mr  Smith-Woodward  as  but  very  slightly  removed 
from  the  original  primitive  condition;  Cestracion^  in  which  the 
hyomandibular  becomes  distinctly  differentiated,  being  a  step  in 
advance.  In  time  this  genus  is  definitely  known  to  range 
from  the  Middle  Jurassic  of  the  Oxford  Clay  to  the  present 
day;  it  has  indeed  been  recorded  from  the  Lias,  but  the  deter- 
mination is  more  than  doubtful.  Nearly  all  the  described  species 
are  European,  but  one  has  been  recorded  from  the  Tertiary  of 
New  Zealand.  Some  of  the  fossil  teeth  show  signs  of  wear  at 
their  summits,  and  it  thus  seems  that  they  must  have  been  firmly 
implanted  in  the  jaws  like  those  of  the  Hybodonts ;  specialisation 
having  apparently  tended  to  produce  a  loose  dental  articulation 
throughout  the  section.  The  genus  Chlamydoselache  has  a  terminal 
mouth,  with  lateral  teeth  similar  in  both  jaws,  and  consisting  of  three 
slender  cones  separated  by  smaller  cusps ;  the  notochord  being  partly 
calcified.  This  genus  is  now  known  by  a  single  living  species  from 
the  Japanese  seas,  but  teeth  from  the  Pliocene  of  Tuscany  have 
been  referred  to  it  It  will  be  observed  from  the  figure  that  the 
mandibular  articulation  of  Notidanus  is  placed  far  behind  the 
cranium  proper,  and  it  is  noteworthy  that  a  similar  condition  ob- 
tains in  PUuracanthus  arhong  the  Ichthyotomi. 

Family  CocHLiODONXiDit. — ^With  this  family  we  enter  the  second 
series  of  the  section,  in  which  there  are  two  dorsal  fins  and  five  gill- 
defts.  The  present  extinct  family  is  an  ill-defined  one,  apparently 
allied  to  the  Cestraciontida^  but  with  a  more  specialised  dentition. 
The  dentition  is  formed  from  that  of  the  Cestradontida  {infra)  by 
the  welding  of  at  least  one  of  the  oblique  transverse  rows  of  teeth 
encircling  each  ramus  of  the  jaws  into  a  continuous  curved  plate 
(fig.  863),  which  may  have  either  a  smooth  crown-surface,  or  may 
be  marked,  as  in  the  figured  example,  by  grooves  and  ridges,  indi- 
cating its  compound  origin.  These  dental  plates  grow  by  additions 
to  their  inner  borders,  while  the  outer  borders  are  usually  involuted. 
The  dorsal  fins  were  provided  with  spines.  This  family  comprises 
a  number  of  genera  from  the  Carboniferous,  only  some  of  which  can 
be  very  briefly  noticed  in  this  work.  The  one  most  imperfectly 
known  is  HeloduSy  from  the  English  Carboniferous,  which  appears 
allied  to  the  next,  but  does  not  seem  to  have  had  the  teeth  welded 
into  plates,  and  therefore  differs  from  the  accepted  definition  of  the 
family.  PUuroplax  {Pleurodus)  and  Psephodus  are  more  typical 
forms,  the  latter  occurring  both  in  Europe  and  North  America. 
The  dental  plates  of  Psephodus  form  at  least  one  series  of  smooth 
curved  teeth,  without  coronal  ridges  or  involution  of  the  outer 
border ;  and  there  were  also  smaller  rows  of  lateral  teeth,  as  well  as 
some  prehensile  teeth  at  the  extremities  of  the  jaws.  Sandalodus  is 
known  by  the  huge  dental  plates,  which  are  of  an  elongated  trian- 
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gular  shape,  with  the  outer  border  slightly  involuted,  and  an  undu- 
lating coronal  contour  in  the  upper  jaw;  the  genus  occurring  in 
Europe  and  the  United  States.  Other  genera  which  can  be  merely 
mentioned  are  Tomodus^  Xystrodus,  Deltodus^  and  Pxdlodus ;  the 
three  last  being  common  jto  Europe  and  North  America.  Teeth 
referred  to  Pcecilodus^  and  to  the  above-mentioned  genus  Fsephodus^ 
have  also  been  described  from  the  Carboniferous  of  Northern  India  ; 
and  the  teeth  from  the  same  beds  described  under  the  name  of 

Helodopsis  are  likewise  referable  to 
the  present  family.  In  the  type 
genus  Cochliodus^  of  Europe  and 
the  United  States,  there  are  two 
pairs  of  dental  plates  in  the  man- 
dible (fig.  863),  in  which  the  outer 
border  is  much  involuted.  The 
posterior  plate  is  elongated  antero- 
posteriorly,  and  has  its  anterior 
Fig.  863.— Lower  dental  pUtes  of  c<vA/*.  and  postcrior  borders  converging 

odus  contortus;  from  the  Carboniferous  of    ^„i.„,«^Ji„  «« j  «  r...^,^;«^«4.  ^Ki;,,,,^ 

Armagh.  One-haif  natural  size.  The  sped-  outwardly,  and  a  prominent  obliquc 

men  is  viewed  from  the  anterior  aspect,  and    riHap      liirpwi<;p    narrownD'    in     thf» 
the  white  line  on  the  left  side  shows^edivi.    "^S^»     lIKeWlSe     narrOWing     m     UlC 

sion  of  the  two  plates.  Same  direction,  m  the  middle  of 

the  crown.  The  anterior  plate  is 
narrow  from  before  backwards,  with  a  ridge  on  the  hinder  border  of 
its  crown  resembling  the  median  ridge  of  the  larger  plate.  The 
remaining  genera  of  this  family  are  Streblodus^  Deltoptychius^  Diplac- 
odus^  and  CyrtonoduSy  of  which  the  two  last  are  doubtfully  entitled 
to  distinction ;  while  other  names  have  been  applied  to  detached 
anterior  teeth. 

Family  CESXRACiONTiDiE. — This  family,  which  may  be  taken  to 
include  the  Orodontidce  and  Hybodontida  of  many  writers,  is  repre- 
sented by  a  considerable  number  of  genera  ranging  from  the  Car- 
boniferous to  the  present  day;  all  the  existing  species  being  included 
in  the  type  genus  Cestracion^  of  which  the  upper  dentition  is  shown 
in  fig.  864.  The  family  is  characterised  by  the  presence  of  a  spine 
to  each  dorsal  fin,  of  which  the  first  is  placed  immediately  above 
the  interval  between  the  pectoral  and  pelvic  fins.  The  teeth  are 
generally  more  or  less  obtuse,  with  several  series  in  use  at  the  same 
time,  and  those  of  each  oblique  series  never  fused  into  continuous 
plates.  One  of  the  oldest  genera  is  Orodus  (more  correcdy  Oreadus\ 
of  the  Carboniferous  of  Europe  and  the  United  States,  in  which  the 
teeth  are  of  the  general  type  of  those  oiHybodus^  and  are  only  regarded 
by  Mr  S.  Woodward  as  entitled  to  separation  on  account  of  the 
absence  of  other  associated  remains  which  are  characteristic  of  the 
Mesozoic  genus.  It  is  probable  that  some  of  the  dorsal  fin-spines 
originally  described  under  the  name  of   Ctenacanthus  belong   to 
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Orodus,  Most  of  these  spines  (fig.  852,  2)  are,  however,  referable 
to  the  allied  Carboniferous  genus  Sphenacanthus ;  and  they  are 
characterised  by  their  ornamentation  of  robust  longitudinal  ridges, 


Fig.  864. — Upper  jaw  of  the  Port  Jackson  Shark  {Cesirtzcion  Pkilippi).    One-half  natural 
size.    (After  Owen.) 

which  are  partly  nodose.  Other  Carboniferous  genera  are  Campodus^ 
Dklitodus^  and  TristychiuSy  some  of  which  have  several  synonyms. 
In  the  Thuringian  Permian  this  family  is  represented  by  the  genus 
Wodnika^  in  which  the  teeth  have  large  and  smooth  crowns  well 


Fig.  865.— Tooth  of  Hy- 
htdns  rarictsUUu*  I  from 
the  Lias  of  Dorsetshire. 
(After  S.  Woodward.) 


Fig.  866. — Imperfect  fin-spine  of  Hyhodus  (c/)  basanus;  from 
toe  Lower  Cretaceous.     Reduced. 


adapted  for  crushing ;  while  in  the  Muschelkalk,  or  Middle  Trias, 
we  have  the  imperfectly  known  Palaobatis^  with  teeth  very  like  those 
of  Asteracanthus,  With  the  genus  Hybodus^  ranging  from  the  Mus- 
chelkalk to  the  Lower  Greensand  of  Europe,  we  come  to  a  type 
which  is  now  almost  as  well  known  to  us  as  existing  Sharks,  owing 
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to  the  beautiful  preservation  of  many  of  the  specimens  from  the 
Lias,  in  which  deposits  these  fishes  were  abundant.  Many  of  the 
numerous  species  attained  very  large  dimensions;  and  the  genus 
may  be  defined  by  the  following  characters.  The  teeth  {fig.  865) 
are  conical  or  cuspidate,  the  crown  being  more  or  less  striated,  with 

one  main  cone,  flanked  by  one  or 
more  lateral  cones,  and  the  root 
being  more  or  less  depressed. 
The  teeth  at  the  symphysis  are 
large  and  few  in  number;  while 
the  fin-spines  (fig.  866)  are  lon- 
gitudinally grooved  and  ridged, 
with  two  rows  of  denticles  placed 
near  the  posterior  borders.  The  most  remarkable  feature  is,  how- 
ever, the  presence  of  two  large  hook-like  spines  immediately  behind 
each  orbit,  which  have  been  described  under  the  name  of  Spfun- 
onchus.     The  notochord  is  persistent. 


Fig.  867.  —Tooth  of  Acrodus  nobilis^  from 
the  Lower  Lias  of  Lyme- Regis. 


Specimens  of  the  Lower  Liassic  H,  Delabechet  show  the  whole  of  the 
dentition  in  situ  ;  and  it  appears  from  these  that  there  was  no  median 
symphysial  row  of  mandibular  teeth,  but  that  there  were  ten  transverse 
rows  of  lower  teeth,  with  five  teeth  in  each  row,  while  the  number  of  rows 
in  the  upper  jaw  was  either  nine  or  ten.     In  the  later  forms,  such  as  H, 

basanus  of  the  Wealden,  the  teeth 


sO:. 


differ  from  those  of  the  typical 
Liassic  forms  by  the  taller,  com- 
pressed, and  nearly  smooth  crowns, 
and  Mr  Woodward  suggests  that 
it  may  eventually  be  advisable  to 
refer  these  types  to  a  distinct 
p^enus.  The  orbital  hooks  found 
m  the  Oxford  and  Kimeridge  clay 
indicate  fishes  of  very  large  di- 
mensions. 


The  genus  Acrodus  is  closely 
allied  to  the  preceding ;  but 
the  teeth  (fig.  867)  are  non- 
cuspidate  and  more  rounded. 
This  genus  is  abundant  in  the 
Lias,  where  it  is  represented  by 
the  large  A,  nobilis,  which  is  the 
type ;  but  it  also  extends  down- 
wards to  the  Muschelkalk,  and  ranges  upwards  as  high  as  the  Chalk. 
The  majority  of  the  species  are  European,  but  the  genus  has  also 
been  recorded  from  the  Cretaceous  of  North  America,  as  well  as 
from  certain  beds  in  that  country  which  have  been  stated  to  be 
Miocene. 


Fig.  868.— Part  of  the  palate  o(  Asteracanthus 
omatt'ssimus,  from  the  Great  Oolite  of  Caen. 
Reduced.    (After  Owen.) 
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Asteracantkus  {Strapkodus)  agrees  with  Hybodus  in  the  persistent 
notochord  and  the  presence  of  orbital  spines,  but  differs  in  the 
characters  of  the  fin-spines  and  teeth  (figs.  868,  869).  The  prin- 
cipal teeth  form  irregular  rhomboids,  with  slightly  arched  and 
flattened  crowns,  marked  by  a  reticulate  ornamentation — the  sym- 
physial  teeth  being  large,  few,  and  simple.  The  fin-spines  are 
marked  by  stellate  tubercles,  which  are  sometimes  fused,  and 
have  two  posterior  mesial  series  of  denticles.  The  type  species 
(fig.  868)  is  of  great  size,  and  occurs  typically  in  the  Great 
Oolite  of  the  Continent  and  England,  but  ranges  upwards  to 
the  Kimeridge  Clay,  and  thus  presents  a  remarkable  instance 
of  persistence.  This  genus  is  also  represented  in  the  Purbeck. 
Other  extinct  genera  are  Falaospinax^  from  the  Lias,  and  Synech- 
odus  from  the  English  Chalk,  both  of  which  have  teeth  closely 
resembling  those  of  Hybodus  ; 
but  the  fin-spines,  at  least  in 
the  former,  were  smooth,  like 
those  of  Cestradon,  The  Cre- 
taceous genus  is  the  more 
specialised,  and  approximates 
in  cranial  structure  to  Noti- 
danuSy  the  palatopterygoid  ar- 
ticulating directly  with  the 
cranium.  Finally,  the  existing 
genus  Cestradon  (in  which  may 
be  included  forms  described 
under  the  names  of  Gyropleu- 
rodus  and  Drepanophorus)  oc- 
curs in  Europe  from  the  Kim- 
eridgian    of    Bavaria    to    the 

London  Clay,  and  is  now  represented  by  four  species  in  the 
Australian  and  Japanese  seas.  This  is  a  specialised  genus  differing 
from  Asteracantkus  by  the  absence  of  orbital  spines,  the  numerous 
and  small  symphysial  teeth  {?ig,  864),  the  smooth  fin-spines,  and  the 
full  calcification  of  the  vertebral  column. 

Family  ScvLLiiDie. — This  is  a  family  of  small  extent,  and  most  of 
the  members  of  which  are  of  relatively  small  dimensions.  The 
dorsal  fins  have  no  spines,  and  the  first  is  placed  above  or  behind 
the  pelvic  fin ;  while  the  teeth  are  small  and  cuspidate,  generally 
several  series  being  simultaneously  in  use.  The  living  forms  are 
commonly  known  as  Dog-fishes.  Palceoscyllium^  of  the  Lower  Kim- 
eridgian  of  Bavaria,  seems  to  be  allied  to  the  existing  Ginglymostoma 
and  Scyllium,  ScyllioduSy  of  the  English  Chalk,  is  an  imperfectly 
known  form  with  teeth  like  Scylliuniy  but  with  vertebrae  approximat- 
ing to  Lamna,     Scyllium  itself  is  represented  in  the  Cretaceous  of 


Fig.  869.— Lateral  and  oral  surfaces  of  a  tooth 
o{  AsUracanthus  omatisiimuSy  from  the  Corallian 
of  the  Continent.    (After  Zittel.) 
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the  Lebanon  and  in  the  Continental  Miocene ;  while  allied  extinct 
genera  are  Fristiurus,  from  the  Lower  Kimeridgian  of  Bavaria,  and 
Mesitia^  from  the  Lebanon  beds.  Finally,  the  existing  Chiloscyl- 
Hum  occurs  in  the  Miocene  of  Wiirtemberg ;  while  Ginglymostoma^ 
of  which  some  of  the  existing  species  attain  a  length  of  1 2  feet,  is 
represented  in  the  Eocene  of  Alabama. 

Family  LAMNiDiE. — This  family  comprises  the  largest  of  the 
Sharks,  and  is  characterised  by  having  the  first  dorsal  fin  placed 
above    the    interval    between    the   pectoral   and   pelvic   fins,   and 

without  a  spine.  The  teeth  are  acu- 
minate, and  when  fully  adult  are 
solid  throughout.  The  earliest  form 
which  has  been  referred  to  this  family 
is  Carcharopsis^  known  by  detached 
teeth  from  the  Carboniferous  of  Europe 
and  North  America.  The  type  genus 
Lamna^  in  which  Otodus  may  be  in- 
cluded, comprises  the  existing  Por- 
beagles, and  has  large  lanceolate  teeth 
(fig.  870)  with  basal  cusps,  but  without 
marginal  serrations.  Teeth  agreeing 
with  those  of  existing  forms  in  their 
general  contour  are  found  in  Europe 
from  the  Lower  Miocene  (fig.  870) 
upwards,  the  so-called  Z.  acuminata^ 
from  the  Chalk,  belonging,  however, 
to  the  next  genus.  In  another  group  of  this  genus,  formerly  known 
as  Otodus^  the  teeth  (fig.  871)  are  distinguished  by  the  great  com- 


Fig.  870.— Tooth  of  Lamna  cus- 
pidata^  from  the  Lower  Miocene 
(OUgocene)  of  Germany.  (After 
Zittel.) 


Fig.  871.— Tooth  of  Lnmna  aMcndiculata^ 
from  the  English  Chalk. 


Fig.  87a.— Tooth  of  Oxyrkina  plicatilis^ 
from  the  Hungarian  Miocene. 


pression  of  the  crown,  the  large  basal  cusps,  and  the  shortness  of 
the  root.  Teeth  of  this  type  occur  in  Europe  from  the  Gault  to 
the  London  Clay,  and  are  also  represented  in  the  Upper  Cretaceous 
of  Southern  India  and  New  Zealand.  The  nearly  allied  but  extinct 
genus  Oxyrhina  is  characterised  by  the  still  greater  compression  of 
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the  crowns  of  the  teeth  (fig.  872),  which  are  generally  devoid  of 
basal  cusps.  It  has  been  recorded  from  the  Jurassic,  and  occurs 
abundantly  in  the  Chalk  of  Europe,  India,  and  New  Zealand,  and 
is  also  represented  in  the  European  Miocene.  Teeth  from  the 
Upper  Cretaceous  of  Europe  and  India,  differing  from  those  of 
Lamna  by  the  nearly  circular  section  of  their  crowns,  have  been 
referred  to  the  existing  genus  Odontaspis ;  but  Mr  S.  Woodward 
considers  that  they  belong  to  a  genus  from  the  Cretaceous  of  the 
Lebanon,  originally  described  under  the  preoccupied  name  oi  Rhino- 
gnatkus,  but  now  known  as  Scapanorhynckus.  Odontaspis  itself 
occurs  in  the  Eocene.  Teeth  of  a  long  and  slender  type,  from  the 
Upper  Jurassic  and  Lower  Cretaceous,  have  been  described  under 


Fig.  873.— Tooth  of  CarcharodoH  mtgalodon^  from  the  Miocene  of  Malta.    (After  Zittel.) 

the  name  of  Sphenodus^  now  changed  to  Orthacodus,  Other  teeth, 
from  the  Continental  Miocene,  have  been  referred  to  the  existing 
genus  Alopecias  or  "Threshers."  With  Carcharodon  we  come  to 
Sharks  of  enormous  size,  characterised  by  their  large,  flat,  and  reg- 
ularly triangular  teeth  (fig.  873),  in  which  the  edges  are  serrated, 
and  there  are  no  basal  cusps.  The  one  existing  species  attains  a 
length  of  40  feet,  and  has  teeth  measuring  a  little  over  2  inches 
along  the  margins,  with  a  basal  width  of  1.8  inches.  It  occurs  fossil 
in  the  Pliocene  of  Europe.  In  the  Red  Crag,  and  also  at  the  bottom 
of  the  Pacific,  teeth  are,  however,  found  in  which  the  corresponding 
dimensions  are  5  and  4  inches,  and  thus  indicate  enormous  indi- 
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viduals.  Smaller  teeth  (fig,  873)  also  occur  commonly  in  the 
Miocene  of  Malta,  the  Tertiary  of  New  Zealand,  and  still  smaller 
forms  (fig.  874)  in  the  Lower  Miocene  and  Eocene  of  the  Con- 
tinent ;  and  the  genus  is  also  represented  in  the 
4  Pliocene  of  Burma.  Its  earliest  representative 
is,  however,  C  longidens^  from  beds  which  appear 
to  be  of  the  age  of  the  Maastricht  or  topmost 
Cretaceous.  Small  compressed  and  triangular 
teeth,  usually  with  serrated  edges,  from  the  Chalk 
of  Europe  and  India,  to  which  the  name  Corax 
cl^lj^^^"^^.  *^  ^en  applied,  probably  indicate  Sharks  allied 
(ftf,  from  the  Lower    to   CarckarodoH.   although   in   external   contour 

Miocene    of   the    Con-       ,  .      '  °  ,  *.       i 

tinent.  Reduced.  they    approximate    to    the    teeth   of    the   next 

family :  they  have,  however,  solid  crowns.  The 
genus  Cetorhinus  {Selache\  now  represented  by  the  huge  Basking 
Shark,  dates  from  the  Pliocene. 

Family  CARCHARiiDiC;. — The  last  family  we  have  to  mention  is 
distinguished  from  the  preceding  by  the  presence  of  a  nictating 
membrane  to  the  eye,  and  also  by  the  hollow  crowns  of  the  teeth. 
It  is  unknown  before  the  Upper  Cretaceous,  and  is  dominant  at  the 
present  day.  The  teeth  have  triangular  and  compressed  crowns, 
usually  with  more  or  less  distinctly  serrated  edges.  The  genus 
HemipristiSy  of  the  Upper  Chalk  and  Lower  Tertiary,  is  charac- 
terised by  its  tall  lanceolate  teeth,  the  crowns  of  which  have  both 
edges  coarsely  serrated,  except  at  their  summits.  The  existing 
genus  Galeocerdo  is  first  recorded  from  the  topmost  Cretaceous  of 
Holland,  and  occurs  throughout  the  European  and  American  Ter- 
tiaries  from  the  Eocene  upwards ;  the  existing  forms  being  known  as 
"Topes."  CarchariaSy  including  the  well-known  Blue  Shark,  has 
small  and  generally  triangular  teeth,  those  of  the  upper  being  very 
different  from  those  of  the  lower  jaw.  It  may  be  divided  into 
several  groups  from  the  structure  of  the  teeth,  which  in  some  forms 
have  smooth  edges.  It  first  occurs  in  the  London  Clay,  and  is 
thence  found  throughout  the  European  Tertiary  series ;  it  has  also 
,  been  recorded  from  the  Egyptian  Eocene,  and  is  found  in  the  fi-esh- ' 
water  Pliocene  Siwaliks  of  north-western  India.  The  strange  Ham- 
mer-headed Shark,  the  only  representative  of  the  genus  Sphyma 
(Zygana),  has  teeth  so  closely  resembling  those  of  Carcharias  that 
it  is  almost  impossible  to  distinguish  detached  specimens.  It  ap- 
pears, however,  that  there  is  sufficient  evidence  to  prove  the  exist- 
ence of  a  species  of  the  former  genus  in  the  Miocene  of  Europe  and 
of  the  United  States. 

IcHTHYODORULiTES. — In  conclusion,  a  brief  notice  may  be  given 
of  a  few  of  the  numerous  genera  founded  upon  the  so-called  "  ich- 
thyodorulites "  or  spines,  of  which  the  serial  position  cannot  at 
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present  be  determined,  and  several  of  which  are  probably  referable 
to  the  Chimeroidei.  The  earliest  of  these  is  Onchus  (fig.  875,  a), 
from  the  Silurian  bone-bed  of  Ludlow,  to  which  genus  may  also 
belong  the  dermal  denticules  (jbid,^  b)  described  under  the  name  of 


^^: 


Fig.  875.— Spine  (a)  xXOnchut  tenmistriatMS,  and  (b)  Dermal  plates  of  Tkttodw; 
from  the  Silurian  of  Ludlow. 

Thelodus,  In  the  Devonian  of  North  America,  and  also  in  the 
Upper  Silurian  or  Devonian  of  Bohemia,  large  spines  have  been 
described  under  the  name  of  Mac/ueracanthus  (fig.  876),  which 
probably  belonged  to  the  dorsal  fins.     Gyracanthus  is  based  on 


Fig.  876.  —Fin-spine  oi  Madutracantkus  major  i  from  the  Devonian  of  North  America. 
One-half  natural  size.    (After  Newberry.) 


unsymmetrical  spines  (fig.  852,  2),  which,  it  has  been  suggested, 
may  belong  to  the  pectoral  fins.  Other  Carboniferous  specimens 
have  been  named  Lophacanthus  and  Oracanthus  (England),  Eu- 
acanthus  (Russia),  Xystracanthus  (North  America  and  India),  and 
ThaumcUacanthus  (India). 
The  spines  described  as 
Oracanthus  are  now  known 
to  belong  to  the  head  of 
a  Selachian,  and  not,  as 
at  first  supposed,  to  the 
tail  of  a  Placodermic  Ga- 
noid. It  will  be  un- 
necessary to  mention  a 
number  of  other  types 
from  various  deposits ;  but 
we  must  not  conclude 
without  referring  to  the 
remarkable  specimens  (fig. 
877)  from  the  Carboniferous  of  North  America  and  Australia,  to 
which  the  name  Edestus  has  been  given.  These  have  a  highly 
curved  axis,  bearing  compressed  lancet-like  teeth,  with  serrated  edges 


Fig.  877.  -  Part  of  (?  caudal)  spine  of  Edtstus  rnfrax; 
from  the  Carboniferous  of  North  America.  One-half 
natural  size.    (After  Newberry.) 
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either  on  the  convex  or  on  both  borders.  It  is  suggested  that  they 
may  have  been  carried  on  prominences  in  the  caudal  region.  And 
after  describing  the  best  preserved  remains  of  this  genus,  Dr  New- 
berry concludes  as  follows :  "  Hence,  until  further  light  shall  be 
thrown  upon  the  interesting  question  of  the  homologies  and  functions 
of  [the  remains  of]  EdestuSy  we  may  regard  them  as  the  post-dorsal 
spines  of  large  cartilaginous  fishes,  of  which  the  other  parts  are  yet 
unknown,  and  may  suppose  that  they  were  used  for  attack  and  de- 
fence, like  the  spines  of  Trygqn  or  Acanthurus,^^ 

Spines  of  similar  type  from  the  Carboniferous  of  Russia,  origin- 
ally described  as  Edestus  protopiraiay  have  been  subsequently  made 
the  type  of  the  genus  Protopirata^  although  it  is  doubtful  whether 
this  term,  having  been  first  made  a  specific  one,  is  admissible  as  a 
general  one. 
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CLASS  PISCES— continued. 

Orders  Chimeroidei  and  Dipnoi. 

Order  III.  Chimeroidei. — The  Chimaeroids  are  marine  fishes, 
r^arded  by  some  writers  as  a  suborder  of  Elasmobranchei ;  but 
although  they  resemble  Sharks  in  external  contour,  in  the  presence 
of  "  claspers "  on  the  pelvic  fins  of  the  male,  and  in  the  structure 
of  the  egg-capsules,  yet  they  present  such  important  differences  as 
to  indicate  the  propriety  of  referring  them  to  a  distinct  order.  The 
skeleton  is  entirely  cartilaginous,  and  the  vertebral  column  only 
imperfectly  segmented ;  the  notochord  being  surrounded  by  a  series 
of  cartilaginous  rings,  which  may  be  partly  calcified.  The  skin  of 
the  typical  forms  is  usually  quite  naked  in  the  adult,  but  in  the 
young  there  is  a  row  of  small  dermal  ossifications  on  the  back. 
The  skull  is  movably  articulated  to  the  vertebral  column,  and  has 
the  hyomandibular  fused  with  the  palatopterygoid  bar,  and  the  latter 
firmly  united  to  the  cranium,  with  which  the  mandible  consequently 
articulates  without  the  intervention  of  a  separate  suspensorium — 
this  arrangement  being  termed  autostylic.  The  gill-clefts  are  four  in 
number,  and  protected  by  a  fold  of  skin  containing  a  cartilaginous 
gill-cover ;  their  communication  with  the  exterior  being  effected  by 
a  single  aperture.  The  mouth  is  always  terminal;  and  in  the  recent 
forms  each  jaw  carries  one  pair  of  molariform  teeth,  respectively 
attached  to  the  palatopterygoid  and  Meckel's  cartilage  (mandible), 
with  the  addition  of  a  smaller  anterior  pair  of  vomerine  cutting-teeth 
in  the  upper  jaw — all  these  teeth  persisting  throughout  life.  The 
fins  are  similar  in  structure  and  position  to  those  of  the  Sharks ;  the 
first  dorsal  always  carrying  a  strong  spine,  which  articulates  with 
the  neural  spines  of  the  vertebrae,  and  is  thus  susceptible  of  motion. 
In  the  absence  of  a  swim-bladder  the  Chimeroids,  again,  agree  with 
the  Elasmobranchs.  There  is  a  lateral  line  strengthened  by  carti- 
laginous rings.     From  the  absence  of  any  membrane  bones,  the 
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massive  teeth,  which  are  strictly  comparable  to  those  of  the  Dipnoi, 
constitute  the  whole  of  the  solid  part  of  the  jaws. 

This  order  may  be  regarded  as  in  some  respects  connecting  the 
Elasmobranchs  with  the  Dipnoi — the  autostylic  cranium  and  the 
dentition  being  essentially  Dipnoid.  Chima&roids  have  existed  from 
the  Lias  upwards,  and  not  improbably  date  from  the  Devonian ; 
while,  as  is  usually  the  case,  some  of  the  extinct  genera  show  much 
more  generalised  affinities  than  their  existing  representatives. 

Family  SQUALORAiiDiE. — The  extinct  genus  Squahraia  was  long 
regarded  as  an  Elasmobranch  of  somewhat  uncertain  affinities ;  but 
according  to  the  observations  of  Dr  Traquair,  it  should  find  a  place 
in  the  present  order.  In  this  genus,  which  is  confined  to  the  Lias, 
there  is  an  elongated  body ;  while  the  skull  is  produced  into  a  long 
fiat  rostrum,  and  carries  a  basal  pair  of  teeth  separated  at  the  sym- 
physis, in  advance  of  which  are  two  small  vomerine  teeth  of  the 
normal  Chimaeroid  type.  Further,  the  skull  of  the  male  has  a  pre- 
hensile spine  on  the  upper  part  of  the  snout,  resembling  in  structure 
that  found  in  Ischyodus,  The  "lateral  line"  agrees  with  that  of 
other  Chimaeroids  in  being  open,  and  protected  by  cartilaginous 
rings ;  while  the  skin  appears  to  have  been  entirely  naked.  The 
vertebrae  are  of  the  Tectospondylic  type  of  those  of  the  Rays.  The 
skull  has  been  described  as  hyostylic,  but  Dr  Traquair  considers 
that  this  is  due  to  crushing,  and  that  it  is  really  of  the  autostylic 
structure. 

Family  CHiMiERiDiE. — Nearly  all  the  remaining  forms,  from  the 
Lias  upwards,  may  apparently  be  included  in  this  family,  which  is 
now  represented  by  Chinuera  and  Callorhynchus,  The  teeth  are  of 
enormous  size,  those  of  opposite  sides  meeting  in  a  median  sym- 
physis ;  and  each  tooth  has  one  or  more  triturating  ridges,  or  pro- 
minences, differing  in  appearance  from  the  rest  of  the  tooth,  which 
may  be  conveniently  termed  tritors.  The  type  genus  Chimara  has 
the  teeth  adapted  for  cutting ;  those  of  the  mandible  being  thin  and 
plate-like,  with  one  large  median  tritor,  and  two  tritors  near  the  an- 
terior extremity,  and  an  outer  series  in  the  form  of  dots ;  while  the 
palatal  tooth  varies  considerably  in  shape.  This  genus  is  repre- 
sented at  the  present  day  by  three  species,  and  has  also  been  re- 
corded from  the  Pliocene  of  Italy  and  the  Miocene  of  Bavaria.  In 
Elasmodectes  (Elasmognathus)  of  the  English  Chalk,  the  mandibular 
teeth  are  likewise  of  a  cutting  type,  but  without  the  median  tritor. 
The  extinct  Ischyodus^  which  in  England  ranges  from  the  Upper 
Jurassic  to  the  Chalk,  but  has  also  been  recorded  from  the  Eocene 
of  North  America  and  the  Cretaceous  of  New  Zealand,  appears  to 
connect  Chimara  with  the  next  genus ;  the  teeth  being  more  adapted 
for  crushing.  The  mandibular  teeth  are,  indeed,  more  massive, 
and  generally  have  two  well-marked  tritors  externally  to  the  large 
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median  one ;  while  there  is  a  spine  on  the  rostrum.  Edaphodon^ 
which  ranges  from  the  Lower  Greensand  to  the  Middle  Eocene  of 
Bracklesham,  like  the  last  genus,  attains  gigantic  dimensions,  but 
has  its  teeth  adapted  entirely  for  crushing.  The  mandibular  tooth 
(fig.  878)  is  very  massive,  and  has  its  symphysial  surface  (which  in 
the  preceding  genera  is  narrow  and  grooved)  very  wide  and  quite 
flat,  while  there  are  two  outer  and  one  median  tritors,  as  well  as  a 
terminal  tritor  which  is  not  shown  in  the  figure.  Each  palatal  tooth 
is  furnished  with  three  tritors.  Teeth  of  this  genus  are  common  in 
several  Cretaceous  and  Tertiary  deposits.  Elasmodus^  which  is 
found  in  the  Lower  and  Middle  Eocene  of  England,  appears  to  be 


Fig.  878. — Inner  smface  of  the  right  mandibular  tooth  of  Edaphodongigas;  from  the  English 
Chalk.    Reduced.    (After  Egerton.) 

allied  to  the  preceding  genus ;  while  in  the  existing  Callorhynchus 
we  apparently  have  the  most  specialised  representative  of  the  group 
with  crushing  teeth.  The  latter  genus  is  represented  by  an  existing 
species  in  the  Southern  seas,  and  by  a  fossil  one  from  the  Lower 
Cretaceous  of  New  Zealand.  The  mandibular  tooth  is  massive, 
with  a  narrow  symphysis,  and  only  a  single  tritor,  representing  the 
large  median  one  of  Edaphodon,  Other  European  forms  are  Gan- 
odus^  from  the  Lower  Jurassic  of  Stonesfield,  in  which  the  tritors  of 
the  mandibular  tooth  are  confluent ;  and  Myriacanthus  {Prognath- 
odus  or  Metcpacanihus\  of  the  Lower  Lias  of  Dorsetshire,  which  is 
known  both  by  the  spines  and  the  teeth.  Its  premaxillary  teeth  are 
chisel-like  in  shape.  Leptacantkus  of  the  Lias,  and  Dipristis  of  the 
Middle  Miocene,  are  imperfectly  known  forms  probably  referable  to 
this  family.  In  North  America  the  names  Eumylodus^  Leptomylus^ 
Bycutinus^  Diphrissa^  Isotania^  and  Sphageopcta  have  been  applied 
to  Cretaceous  forms,  while  a  Miocene  type  has  been  called  Mylo- 
gnatkus;  but  there  is  considerable  doubt  whether  all  these  forms  are 
really  distinct  from  European  genera. 

As  genera  of  which  the  family  position  is  uncertain  may  be  men- 
tioned Chimaropsis  from  the  Lower  Kimeridgian  of  Bavaria,  which 
differs  from  existing  forms  by  its  shagreen  skin,  and  apparently  also 
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by  the  presence  of  a  remarkable  spine-like  tooth  placed  in  front  of 
the  normal  tooth  of  the  mandible.  The  fin-spines  of  this  genus 
approximate  to  those  of  the  Elasmobranchian  genus  Asteracantkus, 
Rhyncliodes  from  the  Devonian  of  Ohio,  and  Ptyctodus  from  that  of 
both  Russia  and  Illinois,  are  genera  founded  upon  teeth  which  their 
describers  refer  to  this  order.  Some  of  the  genera  founded  upon 
the  evidence  of  detached  fin-spines,  a  few  of  which  are  noticed  in 
the  preceding  chapter,  should  perhaps  also  find  a  place  among  the 
Chimaeroids. 

Finally,  the  genus  Coshrhynchus  may  be  mentioned  in  this  con- 
nection. It  was  founded  upon  spines  originally  regarded  as  the 
rostra  of  Sword-fishes,  but  which  are  evidently  of  dermal  origin,  and 
are  considered  by  Mr  S.  Woodward  as  being  probably  fin-spines  of 
Chimseroids.  These  spines  occur  in  the  Chalk  of  England  and 
Maastricht,  in  the  Lower  Eocene  of  England,  Egypt,  and  India,  and 
also  in  the  Middle  Eocene  of  Bracklesham  in  Sussex. 

Order  IV.  Dipnoi. — ^The  Dipnoi,  which  Dr  Giinther  regards 
as  a  subdivision  of  the  Ganoidei,  are  typically  freshwater  fishes, 
usually  presenting  the  following  characters :  The  body  is  covered 
with  imbricating  cycloidal  scales,  while  the  vertebral  column  is  car- 
tilaginous, and  there  are  both  anterior  and  posterior  nostrils  placed 
more  or  less  within  the  mouth  (fig.  88 1).  The  primitive  cartila- 
ginous cranium  persists  more  or  less  completely,  and,  like  that 
of  the  Chimaeroids,  is  autostylic;  cranial  membrane  bones  are, 
however,  always  developed  to  a  certain  extent,  and  there  are  also 
splenial  and  articular  bones  in  the  mandible,  while  the  cranium  is 
immovably  connected  with  the  vertebral  column.  The  palatopteryg- 
oid  bar  persists  as  the  functional  upper  jaw,  and,  as  in  the  living 
Chimaeroids,  carries  a  single  pair  of  molariform  teeth,  while  a  cor- 
responding pair  of  teeth  are  placed  on  the  splenial  and  articular 
bones  of  the  mandible.  There  is  also  a  smaller  pair  of  vomerine 
teeth ;  in  advance  of  which  there  may  be  other  minute  teeth.  The 
paired  fins  have  a  long,  cartilaginous,  jointed,  median  axis  (fig.  845), 
and  the  tail  may  be  either  diphycercal  or  heterocercaL  There  are 
no  functional  branchiostegal  rays ;  and  the  fivt  or  six  cartilaginous 
branchial  arches  are  more  or  less  rudimentary,  and  their  single  aper- 
ture is  closed  by  a  gill-cover.  The  teeth  agree  with  those  of  the 
Chimaeroids  in  having  no  successors;  but,  firom  the  presence  of 
membrane  bones,  do  not  constitute  the  whole  of  the  jaw. 

In  the  structure  of  their  skull  the  Dipnoi  show  affinities  to  Chi- 
maeroids, Ganoids,  Teleosteans,  and  Amphibians;  the  autostylic 
feature  connecting  them  with  the  former,  and  the  double  nares 
with  the  latter,  in  which  the  skull  is  also  autostylic.  The  lungs  are 
formed  by  the  connection  of  the  swim-bladder  with  the  gullet  by 
means  of  a  duct,  and  these  fishes  can  thus  either  breathe  by  means 
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of  their  gills  in  water,  or  by  their  lungs  on  land.  In  the  existing 
African  ProtopUrus  there  are  external  branchial  tufts,  like  those  of 
the  young  of  the  Amphibia.  The  structure  of  the  pelvic  girdle  and 
limbs  has  been  already  noticed  in  the  introductory  chapter  on  the 
class ;  but  it  may  be  observed  that  although  the  skeleton  is  essen- 
tially cartilaginous,  yet  imperfect  ossifications  may  occur  in  the 
neural  spines  of  the  vertebrae,  as  well  as  in  the  ribs  and  fin-rays. 
The  scales  may  be  either  ganoid  or  cycloid. 

That  this  order  is  essentially  an  old  one,  may  be  inferred  not 
only  from  the  widely  scattered  distribution  of  the  three  existing 
genera,  and  their  paucity  in  species,  and  sometimes  in  individuals ; 
but  also  from  the  generalised  structure  of  its  members,  and  the 
occurrence  of  one  of  the  existing  genera  in  the  Trias  of  Europe,  and 
the  reputed  Permian  of  North  America. 

Family  LEPiDosiRENiDiC — This  family  is  only  known  by  two 
existing  genera,  and  is  characterised  by  the  persistent  chondro- 
cranium,  carrying  a  few  large  membrane  bones,  by  the  cycloid  scales, 


Fig.  ZT^'-LfpidcHrem  *aradoxa^  from  South  America.    Reduced. 
/,  Pectoral ;  v,  Pelvic  fin. 

the  absence  of  jugular  plates,  the  continuous  vertical  fin,  and  the 
narrow  central  axis  of  the  paired  fins,  which  are  reduced  to  filaments. 
The  two  genera  are  Lepidositen  (fig.  879)  of  the  Amazons,  in  which 
the  paired  fins  are  not  fringed ;  and  Protopterus  of  the  rivers  of 
tropica]  Africa,  where  those  fins  are  furnished  with  fringes.     There 


Fig.  880.— llie  Barramuoda  {Ceratvdtu  Farttgri),  from  Queeiuland.    Reduced. 

are  two  small  conical  vomerine  teeth,  and  larger  cuspidate  teeth 
on  the  palate,  while  the  body  is  eel-like. 

Family  CERAXODONTiDiE. — The  genus  Ceratodus  {fkg.  880)  has 
been  generally  placed  in  the  same  family  as  the  preceding  forms,  with 
which  it  agrees  in  the  continuous  vertical  fin,  the  cycloid  scales,  the 
absence  of  jugular  plates,  and  the  few  cranial  bones.      In  many 
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respects,  and  more  especially  as  regards  the  dentition,  Ceratodus,  as 
pointed  out  by  Dr  Fritsch,  is,  however,  much  more  nearly  allied  to  the 
under-mentioned  family  Dipterida^  and  it  seems  advisable  to  regard 
it  as  representing,  at  least  provisionally,  the  type  of  a  distinct  family. 
Ceratodus  is  one  of  the  very  few  instances  where  a  genus,  founded 
upon  the  evidence  of  fossil  specimens,  has  subsequently  been  discov- 
ered in  a  living  condition.  Fossil  teeth  of  this  genus  were  long  known, 
but  it  was  not  until  the  year  1870  that  the  existence  of  a  living  rep- 
resentative was  brought  to  the  notice  of  science.  The  body  of  the 
Barramundas,  as  these  fishes  are  termed,  is  laterally  compressed, 
with  one  continuous  vertical  fin ;  while  the 
paired  fins  are  paddle-shaped,  with  a  broad 
fringe.  The  vomerine  teeth  (fig.  881,  x) 
are  shaped  like  the  incisors  of  many  mam- 
mals, while  those  on  the  palate  {ibid,^  xx) 
and  mandible  have  an  inner  smooth  con- 
vex border,  and  externally  bear  a  num- 
ber of  strongly-marked  ridges  or  horns. 
In  the  existing  species  the  teeth  of  oppo- 
site sides  are  separated  by  a  distinct  in- 
terval {fig.  881),  but  in  some  fossil  forms 
they  were  in  contact  Again,  in  the  living 
species,  the  palatal  teeth  bear  six  distinct 
horns,  while  the  backward  production  of 
the  inner  margin  forms  an  incomplete 
seventh  horn  {fig,  881);  but  in  the  man- 
dibular teeth  there  are  not  more  than  the 
typical  six  horns.  In  fossil  forms,  accord- 
ing to  Professor  Miall,  the  mandibular  teeth  are  slightly  smaller  and 
narrower  than  the  palatal  ones,  and  have  not  more  than  four  horns ; 
while  the  palatal  teeth  have  either  fiv^  horns,  or  four  and  a  rudi- 
ment of  a  fifth  (fig.  882) ; 
this  simpler  structure  of 
the  teeth  in  the  earlier 
forms  being  analogous  to 
that  which  we  have  already 
mentioned  as  obtaining  in 
the  Selachian  Notidanus, 
Some  of  the  fossil  teeth 
indicate  individuals  of  two 
or  three  times  the  size  of 
the  Barramunda,  of  which 
the  largest  specimens  at- 
tain a  length  of  nearly  six  feet.  The  position  of  these  upper  teeth 
on  the  palatopterygoid  bar  is  well  shown  in  fig.  881,  which  also  ex- 


Fig.  881.— Mouth  of  Ceratodus 
Forsteri.  Reduced,  x,  Vome- 
rine ;  XX,  Palatal :  xxx,  Mandi- 
bular teeth  ;  m,  anterior ;  >/,  Pos- 
terior nares. 


Fig.  882.— The  right  palatal  tooth  of  Ceratodus  His- 
toj^ioMuSt  from  the  Lower  Gondwanas  of  Maleri,  India. 
The  left  side  is  the  anterior  border. 
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hibits  the  large  parasphenoid,  and  the  anterior  and  posterior  nares. 
In  regard  to  its  distribution  in  past  times,  we  meet  with  remains  of 
this  genus  in  the  Jurassic  of  Colorado  and  Montana  in  the  United 
States,  and  also  in  the  Lower  Jurassic  of  Stonesfield  near  Oxford  ; 
it  is,  moreover,  abundant  in  the  Upper  (Keuper)  and  Middle  (Mus- 
chelkalk)  Trias  of  Europe,  and  has  been  recorded  from  the  Lower 
division  (Bunter)  of  that  formation ;  it  also  occurs  in  Illinois  in 
beds,  which  are  thought  to  be  probably  Triassic ;  while  in  India 
teeth  are  very  common  in  the  Maleri  group  of  the  Gondwana  system 
of  the  Central  Provinces,  which  is  not  improbably  also  of  Triassic 
age.  Further,  Professor  Cope  has  recorded  the  genus  from  strata 
in  North  America  identified  by  him  with  the  Permian;  but  the 
species  from  the  European  Permian  originally  referred  to  this  genus 
belongs  to  Ctenodus. 

Family  PHANEROPLEURiDiE. — In  this  family,  which   has  been 
placed  by  some  in  the  Crossopterygian  Ganoids,  we  still  have  the 


Fig.  883. — PhaturopUuron  Andtrsonti  from  the  Devonian  of  Scotland,  one*half 
natural  size,    a,  Scale  magnified. 

continuous  vertical  fin,  the  diphycercal  caudal  fin,  and  the  narrow 
axis  of  the  paired  fins  characteristic  of  the  preceding  families ;  but 
the  scales  are  said  to  have  a  ganoidal  structure,  jugular  plates  are 
present,  and  there  is  a  series  of  minute  teeth  in  the  margins  of  the 
jaws.  This  family  is  typically  represented  hy  Phaneropieuron  (fig.  883), 
of  the  Devonian  and  Carboniferous  of  Scotland  and  the  Devonian 
of  Canada,  and  the  allied  Uronemus  of  the  Scottish  Carboniferous. 
We  may,  however,  here  mention  the  genera  MegapUuron^  and 
Conchopama  fi'om  the  Permian  of  the  Continent,  which  should  prob- 
ably find  a  place  in  this  or  an  allied  family.     The  former  genus  has 

^  The  rhomboidal  scales  which  have  been  described  as  belonging  to  this  genus 
are  those  of  a  Ganoid.     The  name  should  properly  be  MegcUopUurum, 
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ossified  ribs,  large  operculars,  and  Dipnoid  teeth,  but  the  form  of 
the  fins  and  tail  is  unknown ;  while  the  latter  agrees  with  Phanero- 
pleuron  in  the  structure  of  the  teeth  and  tail. 

Family  DiPTERiDiE. — This  family  is  characterised  by  the  great 
development  of  the  cranial  bones,  the  more  or  less  ganoidal  struc- 
ture of  the  scales,  the  presence  of  jugular  plates,  the  heterocercal 
tail,  the  two  distinct  dorsal  fins,  and  the  greater  size  and  breadth  of 
the  scaled  portion  of  the  paired  fins.  Its  range  extends  from  the 
Devonian  to  the  Permian,  and  it  shows  signs  of  connecting  the 
preceding  family  with  the  Crossopterygian  Ganoids.  The  teeth 
(fig-  885)  are  of  the  same  general  type  as  those  of  Ceratodus^ 
but  may  carry  a  larger  number  of  smaller  ridges,  which  in  some 
instances  (fig.  885,  i,  2)  are  ornamented  with  a  number  of  cusps  or 
denticules.  The  typical  genus  Dipterus  {^g,  884)  comprises  fishes 
of  small  or  medium  size,  with  circular  scales,  and  both  the  dorsal 
fins  placed  in  the  hinder  third  of  the  body,  the  first  being  much 
smaller  than  the  second.     The  pectoral  fins  are  long  and  paddle- 


Fig.  884.'— >Z>i]//mw  Vaiendenneti  I  from  the  Devonian  of  Russia,  two-thirds 
natural  size.    (After  Pander.) 

shaped ;  while  the  pelvic  pair,  and  the  anal,  are  respectively  placed 
beneath  the  first  and  second  dorsals.  The  quadrate  is  ossified ; 
and  there  are  also  ossifications  in  the  fin-rays  and  ribs.  The  teeth 
{^%,  885,  i)  carry  numerous  denticules  on  their  ridges.  This  genus 
is  characteristic  of  the  Devonian  (Old  Red  Sandstone)  of  Europe. 
Ctenodus  attains  considerably  larger  dimensions  than  the  preceding 
genera ;  some  of  the  species  reaching  a  length  of  nearly  five  feet. 
The  teeth  are  characterised  by  their  ridges  carrying  many  cusps ; 
and  the  scales  are  large  and  thin,  with  a  rhomboidal  contour,  and 
bearing  traces  of  rows  of  denticules,  with  vascular  grooves  on  the 
inner  side.  The  skeleton  closely  resembles  that  of  CeratoduSy  but 
is  more  fully  ossified ;  and  both  this  feature  and  the  more  numerous 
cranial  bones  are  regarded  by  Dr  Fritsch  as  characters  of  greater 
specialisation.  The  teeth  {fig,  885,  2,  3)  are  frequently  simpler 
than  those  of  Dipterus,  and  thus  approximate  to  those  of  Ceratodus; 
while  the  form  of  the  parasphenoid  and  palatopterygoid  differs  con- 
siderably from  that  in  the  former.  This  genus  ranges  in  Europe 
from  the  Carboniferous  to  the  Permian,  being  very  abundant  in  the 
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former ;  and  it  is  also  recorded  from  strata  in  Illinois  and  Texas 
which  are  correlated  with  the  European  Permian. 

As  members  of  this  order,  but  perhaps  indicating  one  or  more  dis- 
tinct familes,  we  may  class  the  following  genera  :  Paladaphus^  from 
the  Devonian  of  Europe  and  Ohio  (the  species  from  the  latter  area 
having  been  separated  as  Heliodus\  is  a  moderately  large  form  in 
which  the  mandibular  teeth  (fig.  885,  4)  are  very  broad,  and  carry 


Fv.  885.-1,  Upper  and  lower  jaws  of  Di^Urut  VaUncientuti;  from  the  Devonian,  xx, 
Palatal ;  xxx.  Mandibular  teeth ;  m,  m,  Narial  processes ;  ^,  Palatopterygoid.  a,  Palate  of 
CUmtdms  tuS^rvuiMtus;  Carboniferous.  3,  Mandible  of  Ctenodus  imMcatus;  Carboniferous. 
4,  Mandible  ot  Paladaj^kus  mr^nis;  Devonian.    All  reduced. 

only  four  low  ridges.  Holodus^  from  the  Devonian  of  Russia,  is  a 
smaller  form  very  imperfectly  known,  but  apparently  allied  to  the 
preceding ;  while  Conchodus  is  known  by  teeth  from  the  same  de- 
posits in  both  Scotland  and  Russia,  Ganorhynchus^  of  which  the 
horizon  is  unknown,  may  also  be  provisionally  placed  here.  From 
North  America  we  have  Ptyonodus  and  Gnathorhiza  from  the  Per- 
mian, and  Mylostoma  from  the  Devonian,  of  which  the  full  affinities 
require  further  elucidation. 
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CHAPTER    XLIX. 

CLASS    PISCES— continued. 

Order  Ganoidei. 

Order  V.  Ganoidei. — The  Ganoids  form  an  order  exceedingly 
difficult  of  definition,  owing  to  their  close  connection  on  the  one 
hand  with  the  Dipnoi  and  (through  the  Acanthodea)  the  Elasmo- 
branchei,  and  on  the  other  with  the  Teleostei,  and  it  is  not  improl> 
able  that  it  may  be  eventually  necessary  to  divide  them  into  at  least 
two  orders.  As  mentioned  above,  some  writers  group  them  in  a 
subclass  with  the  Teleostei  under  the  name  of  Teleotomi.  The 
body  may  be  either  naked  or  covered  with  shagreen  skin,  or  with 
large  detached  bony  scales,  or  completely  covered  either  with  true 
ganoid  scales,  or  with  cycloidal  scales  of  a  ganoid  structure.  The 
vertebral  column,  again,  may  be  either  cartilaginous  or  fully  ossified ; 
and  its  termination  in  the  tail  may  be  either  diphycercal  or  hetero- 
cercal.  Paired  and  median  fins  are  generally  present,  and  the  pelvic 
pair  (with  perhaps  one  exception)  is  abdominal  in  position.  The 
skull  may  either  be  covered  merely  by  cranial  membrane  bones,  or 
may  be  completely  ossified.  It  is  hyostylic — ue,,  there  is  a  hyoman- 
dibular  suspensorium — and  the  palatopterygoid  is  distinct  from  the 
cranium;  and,  as  a  general  rule,  even  in  the  cartilaginous  forms 
maxillae  and  dentary  bones,  which  carry  the  teeth,  are  developed  on 
the  palatopterygoid  and  Meckel's  cartilage  respectively.  The  gills 
are  usually  free,  and  their  single  aperture  is  covered  by  an  oper- 
culum; while  branchiostegal  rays  are  very  generally  present  In 
most  cases  a  secondary  pectoral  girdle  of  dermal  bones  (clavicular, 
supraclavicular,  &c.)  is  developed  externally  to  the  cartilaginous 
scapulo-coracoidal  girdle,  which  alone  exists  in  the  preceding  orders. 
Finally,  there  is  a  swim-bladder,  with  a  duct  into  the  pharynx ;  while 
there  are  some  other  characters  of  the  soft  parts  into  the  considera- 
tion of  which  it  will  not  be  necessary  to  enter  in  this  work. 

Some  very  curious  features  occur  in  the  ossification  of  the  ver- 
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tebral  column  of  certain  members  of  this  order  which  call  for 
passing  notice.  Thus  in  Eurycarmus  the  ossifications  in  the  dorsal 
r^on  consist  of  an  upper  and  a  lower  hollow,  wedge-shaped,  semi- 
cylinder,  with  their  pointed  extremities  interlocking,  and  the  former 
bearing  the  neural  arches  and  the  latter  the  ribs ;  while  in  the  tail 
we  have  two  centra  to  each  neural  arch.  From  this  it  would  appear 
that  the  pieces  bearing  the  ribs  in  the  dorsal  region,  and  the  caudal 
centra  which  have  no  arches,  correspond  to  the  intercentra  of  the 
Amphibia,  which  are  noticed  below.  The  teeth  of  Ganoids  vary 
greatly  in  structure,  and  may  be  either  conical  and  borne  on  the 
margins  of  the  jaws,  when  they  are  continuously  replaced,  or  flat- 
tened disks  attached  to  the  vomer,  which  have  no  successors.  The 
borders  of  the  fins  are  frequently  furnished  with  the  modified  scales 
known  as  fulcra. 

Considerable  diversity  of  view  has  prevailed  as  to  the  classification 
of  Ganoids ;  but  the  system  of  Dr  Traquair,  who  has  paid  especial 
attention  to  the  structure  of  the  order,  is  adopted  in  this  work. 

As  regards  their  distribution  in  time.  Ganoids  first  appear  in  the 
Silurian  nearly  at  the  same  time  as  the  Elasmobranchs ;  and  from 
the  Devonian  to  the  close  of  the  Mesozoic  they  form  a  very  large 
proportion  of  the  Fish-life  of  those  periods.  Their  wane,  however, 
appears  to  have  set  in  diuing  the  Upper  Cretaceous,  when  the 
Teleostei  began  to  be  numerically  strong ;  and  from  that  date  there 
has  been  a  rapid  decrease  to  the  present  day,  when  we  And  only 
one  of  the  suborders  (Amioidea)  represented  by  several  genera; 
while  of  the  other  three  surviving  suborders  one  is  represented  by 
two  genera,  and  each  of  the  other  two  by  a  single  genus — these  four 
genera  each  having  a  solitary  species. 

Au  Proganoid  Series. — ^The  first  three  suborders  may  be  con- 
veniently grouped  in  a  single  series,  and  are  mainly  characterised  by 
their  exceedingly  low  development,  their  affinities  being  still  doubt- 
fiiL  Professor  Cope  is  indeed  disposed  to  regard  one  of  these 
suborders  (Placodermata)  as  more  nearly  allied  to  the  Tunicata 
than  to  other  Vertebrata ;  but  this  view  is  scarcely  likely  to  find 
acceptation  with  the  majority  of  palaeontologists. 

Suborder  i.  Cephalaspidea. — The  members  of  this  extraor- 
dinary group  have  the  head  and  the  anterior  part  of  the  body 
covered  with  a  continuous  shield,  while  the  rest  of  the  body  is 
coated  with  small  angular  plates  or  scales.  No  traces  of  an  inner 
skeleton,  lower  jaw,  or  teeth,  have  yet  been  discovered ;  but  at  least 
in  the  second  family  there  was  a  strong  pectoral  fin  at  the  hinder 
extremity  of  the  dorsal  shield.  The  latter  has  been  recently  shown 
to  be  furnished  with  a  system  of  sensory  canals.  This  group  is 
confined  to  the  Silurian  and  Devonian ;  and  it  is  suggested  by  Pro- 
fessor Huxley  that  it  may  be  allied  to  the  Acipenseroidea. 
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Family  PxERASPiDiDiE. — The  entire  body  in  this  family  is  un- 
known ;  but  the  dorsal  shield  (figs.  886,  887)  is  usually  composed 
of  several  pieces  united  together,  and  has  its  borders  thickened  and 


Fig.    886.  —  Imperfect    dorsal 
shield    of    Cyathuupis    Banksil 


from    the    Silurian' 
(After  Morchison.) 


of  Ludlow. 


rig.  887.-Donal  shield  of 
Pteras^s  rostrata^ ;  from  the 
Lower  Devonian  of  Hereford. 
Reduced.     (After  Lankester.) 


bent,  and  in  structure  approaches  the  scales  of  Teleostean  Fishes. 
It  has  a  median  posterior  spine,  and  sometimes  small  lateral  comua. 
There  is  also  a  small  shield  on  the  ventral  aspect  of  the  fish, 
which,  like  the  dorsal  one,  is  marked  by  fine  striations.  In  the 
type  genus  Pteraspis^  the  dorsal  shield  (fig.  887)  is  shaped  like 
an  arrow-head,  and  composed  of  seven  pieces;  while  in  Cyath- 
aspis  (fig.  886)  it  is  oval,  composed  of  only  four  elements,  and  has 
the  posterior  spine  very  short.     Scaphaspis  has  been  founded  on 


Fig.  888.— Reduced  restoration  of  Ptgratpu, 

remains  belonging  to  these  two  genera,  which  are  found  in  both 
the  Silurian  and  Devonian ;  the  simple  shields  described  under  this 
name  having  apparently  been  placed  ventrally  beneath  the  more 
complex  ones,  on  the  evidence  of  which  the  other  genera  were 
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founded.  Holaspis^  from  the  Lower  Devonian  of  North  Wales,  is 
distinguished  by  the  dorsal  shield,  consisting  of  only  a  single 
element  Figure  888  is  an  attempt  to  restore  the  form  of  the  type 
genus. 

Family  CEPHALASPiDiDiB. — The  Cephalaspids  are  regarded  by 
some  writers  as  belonging  to  the  Pteraspidida,  while  by  Professor 
Zittel  they  are  placed  in  a  distinct  suborder.  The  dorsal  cephalic 
shield  (fig.  889)  consists  of  one  or  two  pieces,  and  usually  has  more 
or  less  developed  lateral  comua,  with  a  regularly  curved  and  flat 
lower  border — the  eyes  being  situated  near  the  middle ;  in  structure 
it  resembles  true  bone.  The  body  is  covered  with  bony  plates,  and 
the  caudal  fin  is  heterocercal.     The  typical  genus  Cephalaspis  (figs. 


Fig.  889.— Left  lateral  view  of  Ctphattupi*  Lyelli;  from  the  Devonian  of  Scotland. 
About  one-third  natural  size.    (After  Lankester.) 

889,  890)  has  the  cephalic  shield  single,  and  may  be  divided  into 
the  Etuephalaspidine  and  Hemicephalaspidine  groups,  according  to 
the  d^ree  of  development  of  the  comua.  It  occurs  in  the  Si- 
lurian and  the  Devonian  of  Britain,  and  has  also  been  obtained 


Fig.  890.— Smaller  views  of  CtpkiUaspis  LytllL    (After  Page.) 

from  the  Silurian  of  Bohemia  and  the  Devonian  of  Canada.  Xen- 
aspisy  from  the  same  English  formations,  is  distinguished  by  the 
presence  of  one  or  more  quadrangular  dorsal  plates  behind  the 
head ;  while  Auchetmspisy  of  the  European  Silurian,  has  the  cephalic 
shield  transversely  divided.  Didymaspis,  from  the  same  formation, 
agrees  with  the  latter  in  its  double  cephalic  shield,  which  is,  how- 
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ever,  unprovided  with  comua ;  while  other  genera  are  Thyestes  and 
Tremataspis^  from  the  Silurian  of  Russia, 

Suborder  2.  Placodermata. — This  suborder  is  mainly  char- 
acteristic of  the  Devonian,  although  represented  also  in  the  Silurian, 
and  lingering  on  till  the  Permian.  It  is  characterised  by  the  carti- 
laginous vertebral  column,  and  the  en- 
closure of  the  head  and  the  anterior  part 
of  the  body  in  bony  plates,  which  are 
covered  with  a  radiate  or  granular  sculp- 
ture; the  tail  being  either  naked  or 
clothed  with  scales.  There  is  a  distinct 
mandible;  teeth  are  frequently  present; 
and  there  may  be  a  jointed  pectoral  fin 
enclosed  in  a  bony  covering  like  that  of 
the  body,  but  pelvic  fins  are  invariably 
absent 

Family  AsTEROLEPiDiDiE.  —  In  the 
typical  family  the  head  (figs.  891,  892) 
is  rdunded  anteriorly,  and  covered  wuth  a 
number  of  small  thin  plates;  while  the 
body  is  sub-quadrangular  and  invested 
with  larger  plates,  some  of  which  are 
median  and  others  paired;  and  the  tail 
may  either  be  covered  with  much  smaller 
scales  or  naked.  There  is  a  well-devel- 
oped pectoral  limb,  which  articulates  with 
the  anterior  ventro-lateral  plate ;  although 
it  was  long  thought  to  articulate  in  some 
forms  to  a  separate  thoracic  plate.  The  type  genus  Asterokpis^ 
which  occurs  both  in  Russia  and  Scotland,  is  characterised,  accord- 
ing to  Dr  Traquair,  by  the  anterior  median  dorsal  plate  overlapping 
both  the  anterior  and  the  posterior  dorso-laterals,  and  by  the  some- 
what depressed  body.  In  Pterichthys  (figs.  892,  893),  on  the  other 
hand,  the  median  dorsal  plate,  while  overlapping  the  anterior  dor- 
so-laterals, is  itself  overlapped  by  the  posterior  dorso-laterals,  and 
the  body  is  much  more  elevated.  This  genus  has  been  recorded 
from  Scotland  and  the  Eifel,  and  probably  also  occurs  in  Russia. 
Detached  pectoral  fins  of  these  genera  have  been  described 
under  several  names,  and  were  at  one  time  regarded  as  ichthyo- 
dorulites. 

The  genus  BothriolepiSy  from  the  Devonian  of  Europe  and 
Canada,  is  distinguished  by  the  different  contour  of  the  cephalic 
plates,  and  of  the  grooves  of  the  lateral  line  system  by  which  they 
are  marked,  as  well  as  by  the  shorter  limbs.-  No  traces  of  the  scaly 
tail  have  been  observed  in  any  of  the  known  specimens,  although 


Fig.  Sqi.— Reduced  restoration 
of  the  dorsal  aspect  of  AsteroUpU 
omatal  from  the  Devonian  of 
Russia.  The  tail  is  restored  from 
Pttrichthyt,    (After  Pander.) 
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Dr  Traquair  considers  that  this  appendage  was  probably  present. 
Some  of  the  species  attained  very  large  dimensions. 


Vtg.  89s.— Reduced  restoration  of  the  dorsal  (i)  and  ventral  (a)  aspects  of  Pterickthyi  comuhtt^ 
with  the  sculpture  omitted ;  from  the  Devonian  of  Scotland.  The  thin  black  lines  indicate  the 
CMKcaled  edges  of  the  oyerlapi>ed  pbtes,  and  the  double  dotted  lines  the  grooves  of  the  lateral 
hne  system.  iMr.0a:,  Median  occipital  plate;  /.^ec,  Lateral  do.  ;  ag;  Angular  plate;  //.mt,  Post- 
■ledian  do. :  /.m^  Premedian  do. ;  ^  Lateral  do. ;  «./,  Extra-lateral  do. ;  mn^  Mental  do. ;  #./, 
Semihuar  do. ;  a.m,Hf  Anterior  median  dorsal  do. ;  p.m.d^  Posterior  do.  do. ;  a,d.l^  Anterior 
donto-latetal  do. ;  p.dL,  Posterior  do.  do. :  a.r/./,  Anterior  ventro-lateral  do. ;  /.&./•  Posterior  do. 
da ;  m,Vj  Median  ventral  da  ;  ar^  Articular  plate  of  limb ;  a,  Anconcal  of  do. ;  c,  Central  of  do. ; 
at,  Marguial  of  da    (After  Traquair.) 

Microbrachitis^  of  the  Scottish  Devonian,  is  an  allied  form  distin- 
guished by  the  smaller  size  of  the  pectoral  limb ;  in  this  form  also 


Fig.  893. — Reduced  left  lateral  aspect  of  Pterickthvt  comutus  ;  from  the  Devonian  of 
Scotland.     Letters  as  in  the  preceding  ngure.    (After  Traquair.) 

DO  caudal  scales  have  been  observed.     The  length  of  the  head  and 
carapace  in  the  one  known  species  is  one  and  a  quarter  inches. 
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Family  CoccosTEiDiE. — The  genus  Coccosteus  differs  so  markedly 
from  the  members  of  the  preceding  family  that  Dr  Traquair  has  sug- 
gested that  it  should  form  the  type 
of  a  distinct  suborder.  The  head 
has  distinct  bones  and  plates  differ- 
ing markedly  in  their  arrangement 
from  those  of  the  preceding  family, 
but  their  structure  has  only  re- 
cently been  rightly  explained  (fig. 
894).  In  the  restoration  given 
by  Agassiz  (fig.  895),  although  the 
arrangement  of  the  posterior  plates 
is  fairly  correct,  yet  anteriorly  the 
grooves  of  the  lateral  line  were 
mistaken  for  sutures;  while  the 
ethmoidal  bones  at  the  muzzle 
and  the  orbital  notches  are  omit- 
ted. An  approximation  to  a  cor- 
rect restoration  of  the  lateral  aspect 
is  shown  in  fig.  896,  but  the  mouth  is  made  too  long.  The  cara- 
pace, or  body-shield,  consists  of  a  long  shield-shaped  middle  dorsal 
plate,  flanked  by  lateral  plates,  and  completed  by  a  median  ventral 
plate.  The  posterior  half  of  the  body  is  totally  unprotected,  but 
interspinous  bones  in  the  vertebral  column  support  an  anal  and  a 


Fig.  894.— Dorsal  aspect  of  the  cranium  of 
Coccosteus  dtcipiens ;  from  the  Devonian  of 
Scotland,  at.  Ethmoidal,  with  nares  of 
either  side ;  p.m.x^  Premaxilla ;  p,o^  Preor- 
bital,  external  to  which  is  the  orbit ;  pt.o^ 
Postorbital ;  r.  Central,  m,  Marginisd.  «, 
Middle  occipital ;  r.w.  Lateral  do.  (After 
Traquair.) 


Fig.  895.— Dorsal  view  of  CoccosUus  decipienSy  as  restored  by  Agassiz.  In  the  anterior  part 
of  the  head  the  ethmoids  and  orbits  have  been  omitted,  and  the  bUck  lines  mostly  indicate  the 
erooves  of  the  lateral  line  system,  and  not  sutures.  ^  The  shield-shaped  plate  immediately  behind 
tne  skull  is  the  middle  dorsal,  in  advance  of  which  is  the  middle  occipital  of  the  skull. 

dorsal  fin.  There  appears  to  have  been,  no  pectoral  fin,  although 
certain  forms  which  have  been  generically  or  subgenerically  separ- 
ated as  Brachydirus  have  been  represented  with  such  an  appendage. 
Both  this  and  the  next  genus  are  characteristic  of  the  Devonian, 
Coccosteus  being  common  to  Europe  and  Canada.  The  allied  Homos- 
teus  includes  gigantic  forms  from  Scotland  and  the  Eifel,  readily 
distinguished  by  the  form  of  the  cranial  and  body  plates.  Thus 
the  middle  occipital  plate  is  longer  and  narrower,  and  the  middle 
dorsal  wider  than  long,  and  not  pointed  behind.     Professor  Huxley 
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compares  the  armour  of  the  Coccosteans  to  that  of  the  Siluroid 
Teleosteans;  while  Newberry  and  Pander  compare  the  ventral 
armour  with  the  plastron  of  the  Chelonia  and  Labyrinthodontia,  with 


Fig.  896.  -Approximate  restoration  of  the  right  lateral  aspect  ot Coccottius  dtcipiens.     Here  the 
ethmoKU  and  orbits  are  introduced,  but  the  skull  and  mouth  are  made  too  long. 

which,  however,  they  also  compare  the  true  pectoral  girdle  of  the 
Sauropterygia,     The  natiure  of  the  dentition  is  unknown. 

Family  DiNiCHTHViDiB. — The  genus  Dinichthys,  from  the  De- 
vonian (Huronian)  of  North  America,  may  probably  be  regarded  as 
forming  the  type  of  a  family  allied  to  the  preceding.  In  this  genus, 
of  which  the  type  species  has  an  estimated  length  of  from  15  to  18 
feet,  the  dentition  (fig.  897)  is  remarkably  like  that  of  the  Dipnoid 


Fig.  897. — Diagrammatic  anterior  aspect  of  the  jaws  of  Dinickihvs  Herturi;  from  the 
Devonian  of  North  America.    Une«twelfth  natural  size.    (After  Newberry.) 

genus  ProtopUruSy  from  which  Dr  Traquair  concludes  that  there 
was  probably  a  close  connection  between  the  present  group  and  the 
DipnoL  Other  gigantic  forms  more  and  less  closely  allied  to  the 
type  genus  are  TitanichthySy  Liognathus^  and  Diplognathm^  from  the 
Devonian  of  Ohio ;  while  lypoduSy  from  the  same  formation  in  the 
Eifel,  may  perhaps  belong  to  this  family. 

As  Placodermata,  of  which  the  serial  position  is  uncertain,  may 
be  mentioned  MenaspiSy  from  the  Permian  of  Germany ;  Acanth- 
asfiisy  AcantholepiSy  and  AspidichthySy  from  the  Devonian  of  Ohio ; 
Pnigtacanthus  and  LecracanthuSy  from  the  Carboniferous  of  Iowa ; 
Stuhacanthus  and  PhoderacanthuSy  from  the  corresponding  forma- 
tion of  Ireland  and  Belgium ;  and  AnomalichthySy  from  the  Devonian 
of  Germany. 

Suborder  3.  Acanthodea. — The  last  group  of  the  Proganoids 
is  also  Palaeozoic,  and  ranges  from  the  Devonian  to  the  Permian, 
although  it  is  not  improbable  that  some  of  the  genera,  founded  upon 
(in-spines,  which  are  noticed  under  the  Elasmobranchei,  should  be 
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placed  in  it  The  Acanthodeans  appear  to  be  in  some  respects 
intermediate  between  the  Ganoids  and  Elasmobranchs,  and  should 
perhaps  constitute  an  order  by  themselves.  They  have  the  body, 
which  is  more  or  less  elongated  and  compressed,  covered  with 
shagreen-like  scales,  and  with  the  lateral  line  running  between  two 
rows  of  such  scales.  The  tail  is  heterocercal ;  and  the  fins  have 
strong  spines,  which,  except  in  the  pectorals,  are  merely  inserted 
between  the  muscles.  There  is  considerable  doubt  as  to  the  pres- 
ence of  cranial  bones  or  of  a  gill-cover  3  but  there  is  a  ring  of  bones 
round  the  orbit.  The  vertebral  column  is  cartilaginous,  and  teeth 
are  either  wanting  or  are  very  minute  and  sharp. 

In  their  cartilaginous  skeleton,  the  not  improbable  absence  of  an 
operculum,  the  structure  of  the  scales  and  position  of  the  lateral 
line,  as  well  as  in  the  spines  of  the  median  fins,  the  Acanthodea 
approach  the  Elasmobranchei ;  but  the  articulation  of  the  pectoral 
fin-spine  to  the  pectoral  girdle  is  a  character  of  the  Teleostean  Si- 
iuridce,  while  the  orbital  ring  is  a  character  of  the  higher  Ganoids  like 
the  Palaoniscida, 

Family  AcANTHODiDiE. — All  the  genera  may  be  provisionally 


Fig.  Z/^—Acantkodts;  from  the  Permian  of  Eturope.    (After  Kner  and  Roemer.) 

included  in  a  single  family,  of  which  the  type  genus  Acanthodes  (fig. 
898),  as  now  restricted,  ranges  from  the  Carboniferous  to  the  Per- 
mian of  Britain  and  the  Continent.  The  head  is  very  short  and 
blunt,  and  there  is  but  a  single  dorsal  fin  placed  immediately  above 
the  anal,  while  it  is  thought  that  teeth  were  absent.  MesacanthuSy 
of  the  Scottish  Devonian,  includes  small  fishes  distinguished  from 
the  last  genus  by  the  presence  of  an  intermediate  pair  of  small 
spines  between  the  pectoral  and  pelvic  fins;  it  is  represented  in 
the  Devonian  of  Canada.  Closely  allied  is  Acanthodopsisy  from 
the  Carboniferous  of  Northumberland,  in  which  there  were  numer- 
ous minute  teeth ;  while  Chiracanthus  (fig.  899,  i),  of  the  Scottish 
Devonian,  is  distinguished  by  the  dorsal  fin  being  placed  in  advance 
of  the  anal.  In  Dipl<uanthus  (fig.  900)  there  are  two  dorsal  fins, 
of  which  the  second  is  placed  above  the  anal ;  each  pectoral  iin 
has  two  spines ;  while  there  are  minute  spines  between  the  pectoral 
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and  pelvic  fins,  and  the  jaws  are  furnished  with  small  conical 
teeth.  This  genus  is  represented  by  several  species  in  the 
Devonian  of  Scotland,  and  not  improbably  also  occurs  in  that 
of  Canada.      Rhadinacanthus^    from    the   Scottish    Carboniferous, 


Hg.  899.— I,  Ckiracanthn*  Murchisoni;  a,  Climatius  scutigtr;  i,  I sckHacantkus  gracilis  ; 
from  the  Devonian  of  Scotland.     Reduced. 

has  two  in  place  of  four  pectoral  spines ;  while  in  Ischnacanthus 
(fig.  899,  3),  of  the  same  deposits,  the  small  intermediate  spinas 
are  wanting,  although  they  are  introduced  in  the  figure.  Allied 
to  the  last  are  Euthacanthus  and  Parexus,  from  the  Scottish  De- 
vonian, the  former  having  the  second  dorsal  in  advance  of  the  anal 


Fig.  (foo.—Di^iacantkus  striatus:  from  the  Devonian  of  Scotland.    /,  Pectoral ;  f,  Pelvic  ; 
a,  Anal ;  c.  Caudal ;  d\  </^,  First  and  second  dorsal  fins.     Reduced. 


fin.  Finally,  the  genus  Climatius  (fig.  899,  2)  includes  three  small 
fishes  from  the  last-named  formation  characterised  by  the  short  fin- 
spines  and  the  presence  of  a  series  of  accessory  spines  between  the 
pectoral  and  pelvic  fins.     There  are  two  dorsal  fins,  of  which  the 

VOL.  II.  F 
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second  is  behind  the  anal,  the  figure  being  incorrect  in  the  latter 
respect  Fin-spines  from  the  Devonian  of  Canada,  described  as 
Ctenacanthus  and  Homacanthus,  are  referred  by  Mr  Woodward  to 
Clitnatius, 

iNCERTip  Sedis. — Here  may  be  noticed  the  family  Tarrasiida^ 
proposed  by  Dr  Traquair  for  the  imperfectly  known  genus  Tarrasius^ 
from  the  Scottish  Carboniferous,  which  is  regarded  as  indicating  an 
aberrant  type. 

B.  EuGANOiD  Series. — ^The  remaining  members  of  the  order 
include  its  typical  representatives,  and  may  be  collectively  known 
as  the  Euganoid  series  or  the  Ganoidei  Veri. 

Suborder  4.  Crossoptervgea. — In  this  group  the  pectoral,  and 
sometimes  the  pelvic,  fins  consist  of  a  central  lobe  surrounded  by  a 
fringe ;  there  is  an  infraclavicular  in  the  pectoral  girdle ;  the  rays  of 
the  dorsal  and  anal  fins  are  often  more  numerous  than  the  support- 
ing interspinous  bones ;  the  preopercular  extends  forwards  on  the 
cheek ;  branchiostegal  rays  are  replaced  by  jugular  plates ;  the  de- 
velopment of  the  vertebral  column  varies;  the  tail  may  be  either 
diphy-  or  heterocercal,  and  the  scales  cycloidal  or  rhomboidal.  This 
suborder  is  the  most  primitive  of  the  true  Ganoids,  among  which 
it  holds  a  position  somewhat  analogous  to  that  occupied  by  the 
Ichthyotomi  in  the  Elasmobranchei. 

Family  HoLOPTYCHiiDiE.-^In  the  type  family  the  pectoral  fins 
are  acutely,  and  the  pelvic  subacutely,  lobate ;  the  skeleton  of  the 
former,  according  to  Dr  Traquair,  being  a  biserial  archipterygium 
like  that  of  Ceratodus.  The  teeth  are  of  the  so-called  dendrodont 
type,  the  dentine  of  the  base  being  infolded 
in  an  extremely  complex  manner,  with  cross- 
branchings  which  form  an  intricate  network 
within  the  crown.  The  scales  are  cycloidal, 
thick,  and  sculptured;  and  there  are  two 
dorsal  fins,  and  a  heterocercal  tail  in  which 
the  inferior  rays  are  much  longer  than  the 
superior.  Before  noticing  the  typical  forms 
we  may  briefly  mention  the  genus  Onychodus^ 
from  the  Devonian  of  North  America  and 
dus^^si^^oiLs^,  from  thTDT  Europc,  which  Dr  Newberry  considers  may 
oSrteTNctixS^?)^  ^"'*""''  be  allied  to  this  family.  The  scales  (fig. 
901)  have  distinct  ridges,  and  the  mandible 
has  a  presymphysial  production  furnished  with  teeth  arranged  some- 
what like  an  old-fashioned  cavalry  spur.  The  type  genus  Holo- 
ptychius  (fig.  902)  comprises  fishes,  which  are  often  of  large  size, 
from  the  Devonian  of  Europe  and  North  America.  The  two  dorsal 
fins  are  placed  in  the  hinder  part  of  the  body  directly  over  the  pel- 
vic and  anal.     We  may  probably  place  here  the  imperfectly  known 
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Platygnathus^  from  the  Devonian  of  Scotland  and  Russia ;  Isodus^ 
of  the  Irish  Carboniferous ;  and  Peplorhina^  from  the  Trias  of 
Illinois.  In  GlyptoUpis  (fig.  903),  from  the  European  and  Canadian 
Devonian,  we  have  a  well-known  form  in  which  the  dorsal  fins 
are  placed  more  anteriorly  than  in  Holoptychius^  while  the  anal  is 
situated  below  the  first  dorsal,  and  the  pelvic  are  consequently  much 


Fig.  ^foa^'^Holoptyciuus  nohiUuinnu  ;  from  the  Devonian  of  Scotland,    a,  A  scale  less 
rrauced.    The  dorsal  and  anal  fins  should  be  more  pointed. 

more  approximated  to  the  pectoral  fins.  Phyllolepis^  founded  on 
very  thic^  scales,  which  are  sometimes  smooth,  from  the  Devonian 
and  Carboniferous  of  Scotland,  should  probably  be  included  in  this 
family,  in  which  Dr  Traquair  also  places  the  imperfectly  known 
genus  Dendrodus^  of  the  Devonian  of  Russia  and  Scotland.  The 
jaws  of  the  latter  carry  a  small  row  of  marginal  teeth  of  conical 
forai ;  while  in  the  mandible  there  is  a  second  row  of  much  larger 
£u)g-like  teeth,  each  of  which  has  a  distinct  socket     These  teeth 


Fig.  903.— Restoration  cS  Giyptole/is  ;  from  the  Devonian  of  Scotland.    Reduced. 
(After  Huxley.) 

are  somewhat  compressed,  with  trenchant  fore-and-aft  edges,  and 
have  the  internal  structure  already  noticed.  Colonodus^  of  the 
British  Carboniferous,  and  Sigmodus,  of  the  Upper  Palaeozoic  of 
northern  India,  should  perhaps  find  a  place  in  this  family. 

Family  RHizoDONTiDiE. — In  the  Rhizodonts  the  pectoral  fins 
are  subacutely  or  obtusely  lobate,  the  pelvic  pair  being  usually  non- 
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lobate;  while  their  internal  skeleton  forms  a  shortened  uniserial 
archipterygium.  The  teeth  are  labyrinthodont  in  structure,  lacking 
the  complex  internal  network  found  in  the  preceding  family.  The 
scales  are  cycloidal  and  sculptured ;  the  median  fins  are  numerically 
the  same  as  in  HoloptyMus  ;  but  the  tail  approxi- 
mates to  the  truly  diphycercal  type.  The  lower 
jaw  has  an  inner  series  of  tusk-like  teeth  (fig. 
905).  As  an  imperfectly  known  form  we  may 
first  mention  Cricodus  (Polyplocodus)  from  the 
European  Devonian.  In  the  well-known  Tristi- 
cfiopterus^  of  the  Scottish  Devonian,  the  body  is 
much  elongated,  the  tail  distinctly  heterocercal, 
the  posterior  fins  are  placed  near  the  tail,  the 
opercular  bones  are  unusually  large,  and  the 
scales  thin  and  striated.  An  apparently  allied 
form  is  Eusthenopteron  of  the  Devonian  of  Can- 
ada, in  which  the  vertebral  centra  appear  to  have 
been  unossified,  while  there  are  slight  differences 
in  the  interspinous  bones,  tail,  and  teeth.  Ac- 
cording to  the  views  of  Dr  Traquair,  Gyroptychius 
(fig.  904),  from  the  Devonian  of  Scotland,  is 
allied  to  Tristichopterus^  having  scales  of  the 
same  general  type  (although  some  of  these  were 
formerly  thought  to  be  rhomboidal),  but  a  more 
rhomboidal  tail,  and  the  exposed  portion  of  the 
scales  relatively  larger.  From  the  Carbonifer- 
ous of  both  Europe  and  North  America  we  have 
the  type  genus  Rhizodus  {Megalichthys  in  part), 
of  which  the  tjrpical  species  attained  a  very  large 
size.  The  larger  teeth  (fig.  905),  on  the  evidence 
of  which  the  genus  was  originally  founded,  have 
the  upper  half  of  the  crown  smooth,  while  the 
lower  half  is  longitudinally  fluted.  The  teeth  of 
large  individuals  (which  may  attain  a  length  of 
nine  feet)  are  nearly  two  inches  in  height  In 
Rhizodopsis^  of  the  same  deposits,  the  cranial 
bones  form  a  well-developed  shield  on  the  supe- 
rior surface  resembling  that  of  the  OsteoUpidida^ 
although  the  mandible  agrees  in  general  structure 
with  that  of  Rhizodus^  and  consists  of  articular, 
angular,  and  dentary  elements ;  the  latter  having 
a  series  of  infra-dentary  pieces  on  its  inner  side 
which  carry  the  large  tusk-like  teeth.  The  inferior  space  between  the 
mandibular  rami  is  occupied  by  a  series  of  jugular  plates,  of  which 
there  is  a  large  median  pair,  together  with  a  small  unpaired  anterior 


Fig.  904.— c;.y^/y. 
chtus  oMgustutl  from 
the  Devonian  of  Scot- 
land.  Reduced.  (After 
Pander.) 
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one,  and  a  row  of  small  lateral  ones  on  either  side.  In  the  cranium 
the  most  striking  feature  is  the  anterior  position  of  the  orbit,  which 
has  three  large  suborbital  bones  behind  it     Other  more  imperfectly 


Fig.  905.->A  mandibular  ramus  of  Rhiaodus  Hebtrti',  from  the  Carboniferous  of  Scotland. 

Reduced. 

known  genera  of  this  family  from  the  European  Carboniferous  are 
DendroptychiuSy  Strepsodus,  Rhomhoptychius^  and  Archichthys, 

Family  OsxEOLEPiDiDiE  (RHOMBODiPXERiDiE). — In  this  family  the 
fins  have  the  same  general  structure  as  in  the  preceding ;  but  the 
scales  are  of  the  rhomboidal  form  typical  of  the  order.  There  are 
a  number  of  lateral  jugular  plates;  the  teeth  are  numerous  and 
sharply-pointed;   and   the  ossification  of  the  vertebral  column  is 


Fur.  906. — A,  Polypterut  hichir;  from  the  Upper  Nile.    b.  Osieolepis  macroUpidotut  I  from 
the  Devonian  of  Russia.  (After  Pander.)  Both  heures  reduced,  a,  Pectoral ;  b^  Pelvic ;  c,  Anal ; 


d^  d\  Dorsal  fins. 
pclTic  and  anaL 


In  the  lower  figure  the  dorssd  fins  should  be  placed  more  in  advance  of  the 


imperfect  The  family  is  divided  into  two  subfamilies;  the  first, 
OsteoUpidina  {Saurodipterini)  being  characterised  by  the  smooth 
scales,  and  presence  of  a  median  jugular  plate.  The  type  genus 
OsteoUpis  (fig.  906,  b)  has  a  long  and  slender  body,  with  the  two 
dorsals  placed  respectively  in  advance  of  the  pelvic  and  anal  fins. 
The  type  species  is  of  considerable  size.     In  the  allied  Thursius^  of 
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which  an  immature  individual  is  shown  in  fig.  907,  the  dorsals  are 
placed  immediately  over  the  pelvic  and  anal  fins.  Both  genera  occur 
in  the  Devonian  of  Scotland  and  Russia.  Closely  allied  is  the  genus 
Diplopterus^  from  the  Scottish  Carboniferous,  in  which  the  dorsal 
fins  are  also  situated  posteriorly,  the  first  being  directly  over  the 
pelvic.  Megalichthys^  from  the  same  deposits,  comprises  two  species 
of  large  size ;  and  is  characterised  by  the  presence  of  large  fulcra 
at  the  roots  of  the  pectoral,  pelvic,  and  anal  fins ;  and  also  by  the 


Fig.  907.— A  young  individual  of  Thunius  macrole^idotuti  from  the  Devonian  of  Scotland. 
Letters  as  in  fig.  900.    Reduced.    (After  Sedgwick  and  Murchison.) 

small  size  of  the  anterior  dorsal  fin,  which  is  placed  above  the 
pelvic  fin.  Ectosteorhachis^  from  the  Permian  of  North  America, 
is  nearly  related,  and  appears  to  be  the  last  survivor  of  the  family. 
The  second  subfamily,  or  Gfyptolamince^  is  represented  only  by  the 
genera  Glyptolamus  (fig.  908)  and  Glyptopomus,  of  the  Scottish 
Devonian ;  and  differs  from  the  last  by  the  sculptured  scales,  and 
the  absence  of  a  middle  jugular  plate.  The  body  is  much  elon- 
gated ;  there  is  a  long  interval  between  the  pectoral  and  the  posterior 


Fig.  g/oA.—Glyptcktmus  Kinnairdi;  from  the  Devonian  of  Scotland.    Reduced,    a,  Scales. 

(After  Huxley.) 

fins ;  and  the  tail  is  truly  diphycercal  \  each  genus  is  represented 
by  a  single  species. 

Family  CcELACANXHiDiE. — With  this  family  we  come  upon  a 
group  of  fishes  not  occurring  in  the  older  Palaeozoic,  but  extending 
firom  the  Carboniferous  to  the  Upper  Cretaceous,  and  thus  affording 
a  link  between  the  preceding  extinct  and  the  following  existing 
family.  The  vertebral  column  is  unossified ;  there  are  two  dorsal 
fins,  each  of  which  is  supported  by  a  single  forked  interspinous 
bone ;  the  pectoral  fins  are  obtusely  lobate ;  the  caudal  fin  is  un- 
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usually  large,  and  completely  diphycercal;  the  swim-bladder  is 
ossified,  and  the  scales  are  cycloidal.  The  members  of  this  family 
are  further  characterised  by  the  full  development  of  the  cranial 
bones ;  and  the  arrangement  of  the  ossifications  in  the  orbit  ap- 


Fi(.  909^ — Skeleton  of  Undina  ^eniciUata  ;  from  the  Kiineridgian  of  Bavaria,  one-foiirth 
a.  Jugular  plates ;  b^  Swim-bladder  ;  c,  Pelvis. 


natural  sixe. 


proaches  that  found  in  the  Labyrinthodontia.     The   type   genus 
Codacanthus  ranges  from  the  Carboniferous  of  Europe  and  North 
America  to  the  Upper  Trias  of  the  former  area,  and  is  well  charac- 
terised by  the  great  thickness  of  its  scales. 
More  or  less  nearly  allied  are  Diplurus  from  the  Trias  of  New 


Fig.  910.— Skeleton  of  Macropoma  ManttUi  ;  from  the  Chalk  of  Sussex.    Reduced. 
Letters  as  in  fig.  909.    (After  Huxley.) 

Jersey,  Graphiurus  from  the  Upper  Trias  of  Carniola,  and  Hepta- 
nema  ranging  from  the  Middle  Trias  to  the  Upper  Jurassic  of  the 
Continent  In  Undina  (fig.  909)  the  exposed  parts  of  the  scales 
are  marked  by  ridges,  rising  in  some  parts  into  spines,  and  the 
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rays  of  the  dorsal  and  caudal  fins  are  divided  and  furnished  with 
spines.  In  the  English  Liassic  Holophagus  the  spines  on  the 
scales  are  more  numerous,  while  in  Ubys^  from  the  Kimeridgian 
of  Bavaria,  they  are  less  numerous,  the  division  of  the  fin-rays 
extends  more  deeply  than  in  Undina^  and  the  dorsal  and  caudal 
scales  have  a  row  of  tubercles.  Coccoderma^  from  the  Kimeridgian 
of  Europe,  is  allied  to  the  last  Finally,  Macropoma  (iig.  910), 
from  the  Chalk,  comprises  several  large  species  readily  characterised 
by  the  notochord  not  extending  to  the  extremity  of  the  tail. 

Family  PoLVPTERiDiE. — ^The  last  family  of  the  suborder  is  known 
only  by  the  existing  African  genera  Polypterus  (fig.  906,  a)  and 
Calamoichthys^  each  of  which  is  represented  by  a  single  species. 
The  vertebral  column  is  ossified ;  the  dorsal  fin  broken  up  into  a 
number  of  small  finlets;  the  pectorals  are  obtusely  lobate;  the 
caudal  fin  is  diphycercal,  with  a  very  short  body-axis ;  and  the  scales 
are  rhomboidal. 

Suborder  5.  Acipenseroidea. — According  to  the  views  of  Dr 
Traquair,  the  Acipenseroids,  represented  typically  by  the  Sturgeons 
and  their  allies,  and  forming  the  Chondrostei  of  many  authors,  are 
also  taken  to  include  the  Heterocerci,  as  represent^  by  the  extinct 
Paiaoniscida.  The  following  are  some  of  the  leading  features  of 
the  group  as  thus  defined.  The  paired  fins  are  non-lobate;  the 
pectoral  girdle,  which  in  the  typical  forms  retains  its  primitive 
endoskeletal  cartilages,  develops  dermal  bones,  among  which  the 
infraclavicular  (fig.  913)  is  characteristic;  the  dermal  rays  of  the 
dorsal  and  anal  fins  are  more  numerous  than  their  supporting  carti- 
lages, or  interspinals,  of  the  endoskeleton ;  while  in  the  paired  fins 
these  dermal  rays  have  to  a  great  extent  replaced  the  original  carti- 
lages. In  the  skull  the  cartilaginous  cranium  persists  in  the  typical 
forms,  but  in  all  cases  it  is  overlain  by  a  series  of  dermal  bones ;  the 
preopercular,  when  present,  tends  to  extend  on  to  the  cheek ;  bran- 
chiostegal  rays  are  generally  present ;  but  there  are  never  large 
jugular  plates.  The  notochord  is  persistent,  but  there  are  either 
cartilaginous  or  bony  neural  and  hasmal  arches ;  the  tail  is  hetero- 
cercal,  and  the  skin  may  be  either  naked,  or  dotted  over  with  bony 
scutes,  or  covered  with  rhomboidal  scales. 

Mr  Smith  Woodward  remarks  that  the  typical  forms  of  this  sub- 
order constitute  a  link  connecting  the  cartilaginous  Ganoids  with 
these  fishes  in  which  the  bones  are  fully  developed,  and  that  their 
paired  fins  are  more  specialised  than  the  median  ones,  which  have 
not  yet  attained  a  numerical  equality  between  the  fin-rays  and  their 
supporting  interspinals. 

Family  AciPENSERiDiE. — The  well-known  Sturgeons  (fig.  911), 
which  form  the  typical  family,  are  large  fresh-water  fishes,  charac- 
terised by  their  elongated  body,  produced  snout,  toothless  jaws  of 
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the  adult,  the  presence  of  dve  rows  of  scutes  formed  of  true  bone 
on  the  body,  and  the  sculptured  cranial  bones.  The  representatives 
of  the  existing  genera  Acipenser  (fig.  911)  and  Scaphirhynckus  are 
found  in  many  of  the  larger  rivers  of  the  Northern  Hemisphere. 
Scutes  referred  to  Acipenser  occur  in  the  London  Clay,  and  in  some 
higher  Tertiary  beds ;  while  spines  from  the  English  Upper  Eocene 


Fig.  91?.— The  Sturgeon  {Acipettur  tturio).    Much  reduced. 


and  the  Pliocene  of  Montpellier  probably  also  belong  to  the  same 
genus.  A  single  scute  has  also  been  described  from  the  Miocene 
of  Virginia  under  the  same  name. 

Family  PoLVODONTiDiE. — In  this  family,  now  represented  by 
Polyodon  of  the  Mississippi  and  Psephurus  of  two  rivers  in  China,  the 
skin  is  typically  nearly  or  quite  naked,  the  mouth  is  of  enormous 
width,  and  the  jaws  carry  minute  teeth.  In  a  fossil  state  this  family 
is  represented  by  Crossopholis^  from  the  Eocene  of  Wyoming,  which 
displays  many  points  of  resemblance  to  Polyodon^  but  is  remarkable 
for  the  possession  of  small  pectinated  scales,  which  are  not  confined 
to  the  upper  lobe  of  the  tail.  The  cranial  bones  are  of  the  type  of 
those  of  Polyodon^  but  the  shorter  rostrum  indicates  a  resemblance  to 
Psephurus,  The  scales  are  numerous,  and  are  arranged  in  oblique 
rows,  which  are  not  quite  in  con- 
tact with  one  another.  The  reten- 
tion of  the  scales  in  this  genus  in- 
dicates that  we  have  to  do  with  a 
much  less  specialised  member  of 
the  family  than  the  existing  forms. 
The  genus  Macrapetalichthys^  from 
the  I>evonian  of  both  North  Amer- 
ica and  the  Eifel,  has  frequently 
been  referred  to  the  Polyodontida^ 
but  without  any  sufficient  evidence, 
and  its  serial  position  must  for  the 
present  remain  undetermined.  The 
cranium  {^%.  912)  is  short  and 
broad,  with  the  orbits  completely  surrounded  by  bone,  and  the 
middle  line  occupied  anteriorly  by  a  diamond-shaped  ethmoidal 
shield,  which  articulates  posteriorly  with  a  process  from  the  squared 
hinder  shield. 


Fig.  91a  — Diasram  of  the  frontal  aspect 
of  the  cranium  of  Macropttalichtkys  Sulli' 
vani ;  from  the  Devonian  of  North  Amer- 
ica.   Much  reduced.    (After  Newherry.) 
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As  an  Acipenseroid  of  uncertain  position  may  also  be  mentioned 
the  imperfectly  known  Pholidurus^  of  the  English  Chalk — ^the  tail 
of  which  presents  some  resemblance  to  that  of  Fsefhurus,  A  huge 
fish  from  the  English  Upper  Lias,  named  Gyrosteus^  is  evidently 
also  an  Acipenseroid  agreeing  with  the  type  genus  in  the  absence 
of  teeth,  but  having  a  naked  body.  It  differs  also  considerably 
from  the  type  of  the  next  family,  and  its  position  must  remain 
uncertain. 

Family  CnoNDROSTEiDiE. — This  family  is  formed  for  the  recep- 
tion of  the  one  comparatively  small  fish  constituting  the  genus 
Chondrosteus  from  the  English  Lower  Lias.  According  to  Dr 
Traquair,  although  there  is  no  evidence  of  a  long  snout  (fig.  913), 
this  genus  resembled  Polyodon  in  the  general  form  of  the  fins,  and 
of  the  nearly  naked  body ;  but  in  other  respects — such  as  the  form 
of  the  cranial  bones  and  the  absence  of  teeth — approaches  Adpenser. 
Certain  features  also  appear  to  indicate  distinct  affinity  with  the 


i,cl 
Fig.  013.— Profile  view  of  the  head  of  Chondrosteus  acipenserotdes;  from  the  Lower  Lias  of 
Dorsetshire.  Reduced.  /,  Frontal ;  //,  Postfrontal ;  /,  Parietal ;  sq^  Squamosal ;  «./,  One  of 
the  supratemporals; /./,  Posttemporal;  s.cl^  Supraclavicalar ;  c/,  Clavictilar;  f.c/,  Infraclavio 
uhu-;  o^^  Opercular;  s.op^  Subopercular ;  3r,  Branchiosiegals;  c.A.  Ceratohyal;  <w^  Angular; 
d^  Dentary ;  mx.  Maxilla ;  j\  Jugal ;  A.m,  Hyomandibular ;  s.o^  Suborbital.    (After  Traquair.) 

Faiceonisdda  ;  and  since  the  latter  are  evidently  allied  to  the  higher 
bony  Ganoids,  Mr  Woodward  suggests  that  they  or  allied  forms 
may  have  given  origin  to  two  series,  one  of  which  culminated  in  the 
Teleosteans,  while  in  the  other  "  the  only  advance  has  been  in  the 
matter  of  size,  and  this  accompanied  by  a  certain  amount  of  de- 
generation, culminating  in  Acipenseroids  proper." 

Family  PALiEONisciDiE. — ^This  and  the  next  family  constitute  the 
suborder  Heterocerci  of  some  writers.  In  the  present  family  the 
body  is  fusiform,  and  covered  with  rhomboidal  scales ;  the  vertebral 
arches  are  ossified,  but  there  are  no  bony  ribs ;  the  dorsal  fin  is 
single  and  short ;  all  the  fins  have  large  fulcra  at  their  bases ;  the 
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cranial  bones  are  covered  with  ganoine,  and  mostly  sculptured ;  the 
mouth  is  large;  the  first  branchiostegal  rays  form  jugular  plates; 
there  is  a  row  of  median  V-shaped  scales  on  the  superior  surface  of 
the  eictremity  of  the  body;  and  the  teeth  are  small,  conical,  or  cylin- 


Fig.  oi4.~Lert  lateral  view  of  the  skull  of  PaUtonisau  macrojomus;  from  the  Permian.  >» 
Parietal ;  f.  Frontal ;  sqy  SaoamOsal ;  s.t,  Supratemporal ;  >./,  Posttemporal ;  /,  Ethmoid  ;  a,/^ 
Prefrootal;  /m«x,  Prexaaxtlla;  wur.  Maxilla;  cc^  *a,  sOy  Suborbitals;  d.  Dentary;  cp^  Oper- 
lar;/^,  Preopercular ;  m/,  Subopercular ;  br,  Branchiostegals ;  c/.  Clavicular ;  «c/,  Supra- 
Lvicniar;  /c^  Foatclavicular ;  «:/,  Infraclavicular;  ^r,  Orbit.    (After  Traquair.) 


clai 


drical,  and  rarely  plicate  at  the  base.  The  chief  characters  of  the 
bones  of  the  skull  and  of  the  secondary  pectoral  girdle  are  shown  in 
fig-  914*  in  which  it  will  be  seen  that  the  preopercular  covers  a  por- 
tion of  the  face  above  the  large  and  broad  maxilla.  Dr  Traquair 
observes  that  if  a  Palseoniscid  were  stripped  of  its  scales  and  fur- 
nished with  a  long  snout,  it  would  be  so  like  Folyodon  that  there 
would  be  no  doubt  as  to  their  near  relationship;  and  he  further 
remarks  that  the  one  row  of  V-shaped  scales  found  on  the  dorsal 
side  of  the  extremity  of  the  body  in  Folyodon  is  identical  with  the 
row  of  scales  occupying  the  same  position  in  Palaoniscus.  This 
leads  to  the  conclusion  that  the  existing  Sturgeons  are  the  survivors 
of  a  series  of  Ganoids,  now  totally  lost,  which  formerly  gave  off  the 
Palaoniscida  and  Platysomida  as  specialised  branches. 

This  family  embraces  such  a  large  number  of  genera,  that  space 
permits  of  but  little  more  than  their  bare  enumeration.  In  the 
Devonian  CtUroUpis^  found  both  in  Europe  and  Canada,  the  body 
is  slender,  and  the  fins  are  large,  with  the  rays  very  finely  divided ; 
while  Rhabdolepis  (fig.  915)  of  tiie  Rothliegendes  (Lower  Permian), 
while  having  fins  of  somewhat  similar  structure,  is  distinguished  by 
the  deeper  and  more  spindle-shaped  body.  CosmoptycMus^  of  the 
Scotch  Carboniferous,  is  allied  to  Rhabdolepis^  but  has  the  anal  fin 
with  a  longer  base.  In  the  type  genus  Palaoniscus  (figs.  914,  916) 
the  body  is  much  elongated,  and  the  fins  are  very  small  and  widely 
separated     It  occurs  in  the  Kupfer-Schiefer  and  Magnesian  Lime- 
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Stone  (Middle  Permian)  of  Germany  and  England ;  and  one  species 
has  been  said  to  occur  in  the  English  Trias.  That  species  is,  how- 
ever, now  referred  to  the  Dapediida ;  but  a  true  Palaoniscus  is 
recorded  from  the  Hawkesbury  beds  of  New  South  Wales,  which 
may  be  of  Triassic  age.  The  remaining  better  known  genera  are 
Elonichthys^  from  the  Carboniferous  of  Europe  and  America ;  Aero- 


Fig.  gis,—Rkabd0U^is  nuuroj^tera ;  from  the  Lower  Permian  of  Saxony.    Reduced. 
(After  Agassis.) 

lepis^  ranging  from  the  Permian  to  the  Carboniferous,  and  perhaps 
to  the  Devonian,  of  Europe ;  NematoptychiuSy  Cydoptychius^  Mtcron- 
odus^  and  Gonatodus,  from  the  British  Carboniferous ;  the  gigantic 
AmblypteruSy  of  the  German  Permian  ;  Rhadinichthys^  from  the  Car- 
boniferous of  both  Europe  and  North  America;  Eurylepis^  from 
the  Carboniferous  of  Ohio;  Holurus^  Canobius^  and  Phanerosteon^ 
of  the  Scottish  Carboniferous  ;  PygopteruSy  of  the  German  Permian  ; 
Myriolepis^  from  the  Hawkesbury  of  New  South  Wales ;  Urosthenes^ 
from  the  underlying  Newcastle  group  of  the  latter  country ;  Gyro- 


Fig.  gi6,—P€Ua0mscus  macro/ffmus;  from  the  Middle  Permian  of  Germany.    Reduced. 
(After  Traquair.) 

/episy  from  the  Middle  Trias  of  the  Continent ;  and  Oxygnathus^ 
Cosmolepis^  Thrissolepis^  Centrolepisy  and  LissoUpis^  from  the  Eng- 
lish Lias.  Here  also  may  be  mentioned  the  genera  SpkarolepiSy  of 
the  Permian  of  Bohemia,  and  Coccolepis,  of  the  Kimeridgian  of  Bavaria, 
which,  although  having  cycloidal  imbricating  scales,  appear  to  be 
allied  to  the  present  family. 
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Family  PLAXYSOMiDiE. — The  Platysomida  agree  with  the  preced- 
ing family  in  the  characters  of  the  vertebral  column,  fms,  scales,  and 
the  main  cranial  structure,  but  differ  by  the  body  becoming  deep 
and  short,  with  an  ovoid  or  rhomboidal  contour,  and  also  by  minor 
modifications  in  the  cranial  structure.  The  teeth  are  small,  and 
may  be  either  sharp  or  obtuse.  The  chief  difference  in  the  struc- 
ture of  the  skull  consists  in  the  deflection  of  its  axis  below  that  of 
the  vertebral  column,  instead  of  being  continuous ;  while  the  hyo- 
mandibular,  instead  of  being  very  oblique,  becomes  nearly  vertical, 
and  the  ethmoid  is  elongated.  These  changes  cause  the  mouth  to 
be  separated  widely  from  the  orbit,  the  jaws  to  become  "  prognath- 
ous," and  the  gape  of  the  mouth  itself  to  be  much  reduced ;  they 
are  readily  apparent  by  contrasting  the  figure  of  Falaoniscus  with 
that  of  Chirodus,  Dr  Traquair  regards  this  family  as  a  group  of 
specialised  forms  descended  from  the  PalcRoniscida ;  their  external 
resemblance  to  the  DapediidtB  being  probably  due  merely  to  adap- 
tation to  similar  conditions  of  life,  and  not  indicating  a  real  affinity. 
In  Eurynotus  (fig.  917)  the  contour  of  the  body  is  not  so  greatly 


Fig.  917. — Eurynotus  crenatus  ;  from  the  Carboniforous  of  Scotland.    Reduced. 
(After  Traquair.) 

removed  from  the  Palaeoniscid  type ;  the  pectoral  fin  is  large,  the 
dorsal  also  large,  and  beginning  above  the  pelvic,  while  the  base  of 
the  anal  is  short.  This  genus  occurs  in  the  Carboniferous  of  Scot- 
land and  Belgium.  In  Benedenius,  of  the  Belgian  Carboniferous, 
the  body  becomes  more  oval,  and  the  dorsal  fin  is  placed  more  pos- 
teriorly. More  or  less  nearly  allied  to  this  group  are  Mesolepis^  of 
the  British  Carboniferous ;  EurysomuSy  of  the  Middle  Permian  of 
England  and  Belgium ;  and  Wardichthys^  of  the  Scottish  Carbon- 
iferous. In  Chirodus  (fig.  918),  of  the  British  Carboniferous,  the 
body  is  rhomboidal ;  the  dorsal  and  anal  fins  have  a  long  base, 
short  rays,  and  an  anterior  spine  ;  while  the  pelvic  fin  is  unknown, 
and  the  pectoral  small     Closely  allied,  again,  is  Chirodopsis^  from 
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the  same  horizon.  The  last  and  type  genus  Platysomus  (figs.  919 
and  920)  is  represented  by  a  large  number  of  species,  ranging  from 
the  Carboniferous  of  England  and  North  America  to  the  Middle 


Fig.  giS,—Ckir0d$ts  iranu/osns  ;  from  the  Carboniferous  of  Scotland.    Reduced. 
(After  Traquair.) 

Permian  of  England  and  the  Continent.  The  contour  of  the  body 
is  less  rhomboidal  than  in  Chirodus ;  the  dorsal  and  anal  fins  have 
no  anterior  spines ;  the  pelvic  fin  is  very  small,  and  but  seldom  pre- 
served ;  while  the  pectoral  is  of  medium  size. 


Fig.  gx^—Platytamus  striatms;  from  the  Middle  Permian  of  England.    Reduced. 
(After  Traquair.) 

Suborder  6.  Lepidosteoidea. — In  the  Lepidosteoids  the  paired 
fins  are  non-lobate;  there  is  no  infraclavicular  bone;  the  rays  of 
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the  dorsal  and  anal  fins  correspond  in  number  with  their  supporting 
interspinous  bones ;  the  opercular  bones  are  like  those  of  the  Tele- 
ostei ;  there  is  frequently  a  median  jugular  plate  on  the  first  pair  of 
branchiostegals ;  the  development  of  the  vertebral  column  varies; 
the  tail  is  of  the  masked  heterocercal  type ;  and  the  scales  are  rhom- 
boidal,  or  may  be  occasionally  replaced  by  angular  scutes.     This 


Fig.  ^(Xi.—Plaiys»musgihbosus;  from  the  Middle  Penman  of  Gennany. 
The  pelvic  fin  is  not  showm. 


Reduced. 


suborder  is  represented  at  the  present  day  by  the  somewhat  aber- 
rant Lepidosteidce^  and  also  by  a  large  number  of  Mesozoic  forms 
ranging  from  the  Trias  upwards.  As  already  mentioned,  the  exter- 
nal resemblance  of  the  DapediidcR  and  Pycnodontida  to  the  Platy- 
iomda  is  not  regarded  by  Dr  Traquair  as  indicative  of  real  affinity. 
Family  DAPEDiiDiE. — In  this  family,  which  by  some  writers  is 
subdivided  and  known  as  the  Saurida  and  Stylodontidcty  the  body 
is  either  fusiform  or  ovate;  the  opercular  bones  present  certain 


Tig  ^x,—Semitmotus  Kapffi I  from  the  Keuper  of  Wanemberg.    (After  Fraas.) 

characteristic  features ;  the  upper  lobe  of  the  body-axis  of  the  tail, 
and  usually  the  anterior  borders  of  the  other  fins,  have  well-devel- 
oped fulcra ;  the  vomer  and  jaws  carry  several  rows  of  small  teeth, 
of  which  the  outermost  are  curved  and  resemble  claws  {griffelzahne) ; 
and  the  ossification  of  the  vertebral  column  is  imperfect.  Among 
the  genera  with  fusiform  bodies,  one  of  the  best  known  is  Semionotus 
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(fig.  921),  which  is  widely  spread  over  Europe.  According  to  Dr 
Deecke,  this  genus  is  represented  in  the  Bunter  and  Muschelkalk ; 
it  is  common  in  the  Keuper,  or  Upper  Trias,  and  thence  ranges  to 
the  Kimeridgian,  or  Upper  Jurassic.  It  has  also  been  recorded 
from  the  Stormberg  beds  in  the  upper  part  of  the  Karoo  system  of 
South  Africa ;  and  it  appears  to  be  also  represented  in  the  Trias 
of  North  America,  where  it  has  received  the  name  of  Ischypterus, 
In  these  fishes  the  dorsal  fin  is  small,  the  inequality  of  the  scaled 
portion  of  the  caudal  strongly  marked,  and  there  is  a  row  of  large 
spine-like  scales  on  the  middle  line  of  the  back.  Other  more  or 
less  nearly  allied  forms,  of  which  some  were  formerly  included  in 
Palaoniscus^  are  Auntropharus^  from  the  British  Permian ;  Cato- 
pteruSy  from  the  North  American  Trias ;  and  Dictyopyge^  from  the 
Trias  of  both  England  and  North  America,  the  type  species  of  the 
latter  having  been  originally  named  Paiaoniscus  supers tes.  In 
Heterolepidotus^  typically  from  the  Lower  Lias  of  England,  and 
Heterostrophus^  from  the  Kimeridgian  of  Bavaria,  we  have  genera 
in  which  the  contour  of  the  body  is  more  like  that  of  the  type  genus. 
Heterolepidotus^  according  to  Dr  Deecke,  is  also  represented  in  the 
Muschelkalk,  and  survived  to  the  Kimeridgian.     The  name  Alio- 


Fig.  ^^i.—Dapedius pkolidotusl  from  the  Upper  Lias  of  WQrtemberg.     Reduced. 

lepidotus  is  applied  to  allied  types  also  represented  in  the  Muschel- 
kalk. Dapedius  (fig.  922),  in  which  ^chmodus  may  be  included, 
comprises  a  number  of  medium-sized  fishes  with  broadly  ovate 
bodies,  ranging  in  Europe  from  the  Keuper  to  the  Lower  Jurassic, 
but  also  occurring  in  the  Kota  beds  of  the  Indian  Gondwanas,  which 
are  somewhat  higher  than  the  Maleri  beds  from  which  Ceratodus  is 
obtained.  The  dorsal  and  anal  fins  have  elongated  bases,  and  the 
inequality  between  the  upper  and  lower  lobes  of  the  scaled  part  of 
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the  caudal  fin  is  comparatively  slight  In  typical  species  the  teeth 
are  simple,  while  in  others  (on  which  ^chmodus  was  founded)  they 
are  forked  at  their  summit ;  since,  however,  both  types  are  occa- 
sionally found  in  a  single  species,  they  do  not  afford  grounds  for 
generic  distinction.  The  so-called  Amblyurus  has  been  founded  on 
crushed  Liassic  specimens  of  Dapedius.  Allied  forms  are  Fleurolepis 
and  HomaolepiSy  from  the  Upper  Lias  of  Wiirtemberg.  In  Tetra- 
ganoUpiSj  of  the  European  Lias  and  the  Kota  beds  of  the  Indian 
Gondwanas,  the  body  resembles  that  of  the  type  genus,  but  the  form 
of  the  dorsal  and  anal  fins  is  different,  the  caudal  fin  is  nearly  sym- 
metrical, and  the  vertebral  centra  develop  rings  of  bone ;  all  these 
characters  approximating  to  the  next  family,  in  which  Sir  P.  Egerton 
placed  both  this  and  the  following  genus.  Clithrolepis  is  an  allied 
genus  typically  from  the  Wianumattu  and  Hawkesbury  beds  of  New 
South  Wales,  but  also  occurring  in  the  Stormberg  beds  of  the  South 
African  Karoo  system,  and  not  improbably  in  the  Indian  Kota  beds ; 
all  these  strata  being  of  approximately  equivalent  age. 

Family   PvcNODONTiDiE. — The    Pycnodonts    form    a    compact 
group,  ranging  from  the  Lias  to  the  Eocene,  in  regard  to  the  serial 


r=\< 


F^.  9»^ — Dentition,  scales,  and  vertebral  column  of  Pycnodonts  :  a,  Jaws^  and  3,  vomerine 
Aadibuli  •     -  -—  -  ^   .   . 


ular  teeth  of  Microdon  ;  c,  Do.  of  Cttlodus ;  </,  Vertebral  column  01  PaUeobalistum  ; 
t.  Do.  of  Pycmodu9  ;  ft  Scales  of  Gyrodut,    The  dentition  is  greatly  reduced. 


position  of  which  very  divergent  views  have  been  entertained.  Dr 
Traquair  is,  however,  disposed  to  regard  them  as  specialised  forms 
connected  with  the  Dapediida  and  Lepidotida^  and  they  are  accord- 
ingly here  placed  between  those  families.  This  family  has  been 
recorded  from  Europe,  Asia  Minor,  North  America,  and  Australia, 
and  presents  the  following  characteristics.    The  body  is  of  a  rhomb- 
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oidal  shape,  presenting  a  striking  resemblance  in  this  respect  to 
the  Fiatysomida  ;  the  caudal  fin  is  of  a  completely  masked  hetero- 
cercal  type,  and  there  are  no  fulcra  to  the  fins.  The  notochord  is 
persistent,  but  the  neural  arches  and  ribs  are  ossified,  and  in  the 
later  forms  the  heads  of  the  latter  (fig.  923)  are  enlarged,  so  as  to 
simulate  portions  of  vertebral  centra.  The  premaxillae  are  toothless; 
the  conjoint  palatines  and  vomer  form  a  triangular  bone  (fig.  923), 
carrying  ^y^  longitudinal  rows  of  oval  or  round  molariform  teeth, 
while  in  the  mandible  the  dentary  bones,  which  form  the  extremity 
of  the  symphysis,  have  two  or  four  chisel-like  teeth,  and  the  splenials 
are  enlarged  and  carry  on  either  side  from  three  to  five  or  more 
rows  of  molariform  teeth  (fig.  923)  opposed  to  those  of  the  former. 
Commencing  with  the  typical  genus  Pycnodtis^  we  find  this,  as  now 
defined,  restricted  in  Europe  to  the  Lower  Eocene  of  Sheppey  and 
the  Middle  Eocene  of  Monte  Bolca  in  Italy.  There  are  only  three 
rows  of  teeth  on  either  side  of  the  mandible,  of  which  the  innermost 

is  the  largest ;  while  on 
the  vomer  the  teeth  of 
the  three  inner  rows  are 
round,  and  those  of 
the  two  outer  rows  are 
larger  and  oval.  Other 
characters  are  found  in 
the  position  of  the 
orbit,  the  large  size  of 
the  mouth,  and  the 
superiority  in  the  length 
of  the  dorsal  as  com- 
pared with  the  anal  fin. 
A  fish  from  the  Creta- 
ceous of  Brazil  has  been 
referred  by  Professor 
Cope  to  this  genus. 
The  allied  Palaobalis- 
tum  (^g,  923,  d),  in 
which  all  the  upper 
teeth  are  subequal, 
occurs  in  the  Chalk 
of  the  Lebanon,  the 
Cretaceous  Pisolite  of 
Mont  Aim€  in  France, 
and  also  in  the  Middle  Eocene  of  Monte  Bolca.  The  greater 
number  of  the  Cretaceous  forms  are,  however,  referable  to  the 
genus  Acrotemnus  Ccelodus}  which  comprises  some  species  attaining 

^  The  name  Coelodus  being  preoccupied  by  Cododon^  the  term  Acrotemnus^  pro- 
posed by  Agassiz  for  detached  teeth,  is  adopted. 


Fig.  924.— Vomer  of  Acrotemnus  eyrodaitUs  ;  from  the 
English  Cretaceous.    (After  Egerton.) 
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a  large  size.  The  vomerine  teeth  (fig.  924)  of  the  middle  row  are 
elliptical,  and  much  larger  than  either  of  the  others,  while  there 
are  usually  three  rows  on  either  side  of  the  mandible,  although 
these  are  occasionally  increased  to  four.  The  dorsal  fin  extends 
in  advance  of  the  anal.  This  genus  ranges  from  the  Gault  to  the 
Chalk,  and  is  widely  spread  through  Europe.  In  Mesodon  we 
have  a  genus  ranging  from  the  English  Lias  to  the  Lower  Kimer- 
idgian  of  Bavaria,  and  not  improbably  also  represented  in  the 
Lower  Greensand.  Here  the  vomerine  teeth  of  the  middle  row 
are  larger  than  the  teeth  of  the  other  rows,  which  are  exceedingly 
small,  and  in  the  outermost  line  have  a  wart-like  surface.  Allied 
genera  are  Mesturus  and  Athrodon  from  the  Kimeridgian  of  the 
Continent. 

Stemmatodus  (fig.  925),  which  comprises  two  small  species  from 
the  Lower  Cretaceous  of  Italy,  is  characterised  by  the  great  length 


Fig.  935. — SUmtttatodus  rhombus;  from  the  Lower  Cretaceous  of  Italy. 

of  the  dorsal  and  anal  fins,  and  also  by  the  concave  surfaces  of  the 
molariform  teeth,  which  are  of  subequal  size.  Microdon  is  another 
allied  genus,  ranging  in  Europe  from  the  Kimeridge  to  the  Purbeck. 
The  arrangement  of  the  teeth,  and  the  peculiar  structure  of  the 
heads  of  the  ribs  are  shown  in  fig.  923.  In  Gyrodus  we  seem  to 
have  the  most  specialised  members  of  the  entire  family,  all  of  them 
being  characterised  by  the  sculptured  crowns  of  the  molariform 
teeth.  The  vomer  is  very  narrow,  and  has  the  teeth  subcircular, 
those  of  the  middle  row  being  much  the  largest ;  while  in  the  man- 
dible there  are  four  rows  on  either  side,  of  which  the  first  and  third 
are  the  larger.  This  genus  is  especially  abundant  in  the  Lower 
Kimeridgian  lithographic  limestone  of  Bavaria,  but  it  also  ranges 
upwards  into  the  Chalk  of  Sussex,  and  downwards  into  the  Lower 
Jurassic  Stonesfield  Slate.  Finally,  Coccodus  is  founded  on  an  im- 
perfect specimen  from  the  Chalk  of  the  Lebanon  really  belonging 
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to  this  family,   but  which  has   been   referred   to   the  Teleostean 
Siluroids. 

Family  LEPiDOXiDiE  (SPHiERODONTiDiE). — In  the  Lepidotida  the 
body  is  more  or  less  fusiform,  the  upper  scaled  portion  of  the  tail  is 
longer  than  the  lower,  and  the  fulcra  of  the  fins  are  well  developed. 
The  palatine,  vomer,  maxilla,  and  dentary  carry  rows  of  knob-like 
teeth  (fig.  926),  while  the  premaxilla  is  furnished  with  teeth  of  a 
chisel-like  form.  The  type  genus  Lepidotus  (fig.  926),  with  which 
Spharodus  is  in  great  part  identical,  has  a  wide  distribution  both  in 
time  and  space.  Thus,  in  Europe  it  ranges  from  the  Muschelkalk, 
or  Middle  Trias  (where  its  scales  have  been  described  under  the 
names  of  DactyloUpis  and  Thollodus)  to  the  Chalk,  and  it  also 
occurs  in  the  Kota  group  of  India,  and  the  Cretaceous  of  Brazil 
and  of  North  America.  The  large  button-like  teeth  of  Z.  maximus 
are  abundant  in  the  Kimeridge  Clay,  and  specimens  have  been 


CQG    ^ 


Fig.  gv^— Lepidotus  maximus ;  from  the  Kimeridgian  of  Bavaria.    Reduced.    Larger 
views  of  teeth  and  a  scale  are  given  in  the  comers. 

found  comprising  nearly  the  whole  palate,  and  exhibiting  the  curious 
manner  in  which  the  replacing  teeth  gradually  turn  over  as  they 
come  into  use.  The  names  Nephrotus^  Cenerodus,  Omphalodus^ 
Hemilopus^  and  Asterodon^  have  been  applied  to  molariform  and 
chisel-like  teeth  belonging  to  members  of  this  family  from  the  Trias 
of  Silesia  and  Thuringia ;  while  teeth  of  the  latter  type  from  the 
bone-bed  of  the  same  period,  in  both  Wiirtemberg  and  England, 
described  under  the  name  of  Sargodon^  should,  perhaps,  be  likewise 
placed  here ;  and  Neorhombolepis^  of  the  English  Chalk,  appears  to  be 
an  allied  form. 

Family  EuGNAXHiDiE  (SAURODONXiDiE).  —  The  body  in  this 
family  is  long  and  slender ;  the  snout  short ;  the  fins  have  fulcra, 
the  caudal  being  of  a  partially  or  completely  masked  heterocercal 
type  ;  the  vertebral  centra  may  be  either  imperfectly  or  fully  ossified, 
and  the  teeth  are  pointed.  The  range  in  time  of  this  family  extends 
from  the  Upper  Trias  to  the  Neocomian  of  Europe,  but  may,  per- 
haps, also  include  the  Chalk.     In  the  typical  group  we  have  Mu- 
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gnathus  ranging  from  the  Keuper  to  the  Kimeridgian,  while  in  the 
Lias  we  find  Fiatysiagum  and  FtychoiepiSy  and  Pholidopleurus  and 
Peitopkurus  in  the  Keuper.  A  second  group  is  represented  by 
PkuropholiSy  of  the  Kimeridgian  of  Bavaria,  and  also  by  Thoraco- 
pterus  and  Pterygopterus  of  the  Keuper,  the  latter  being  distinguished 
by  the  absence  of  the  pelvic  fins.  The  genus  Pholidophorus  in- 
cludes small  Fishes  somewhat  resembling  a  Carp  in  form,  which 
range  from  the  Muschelkalk  to  the  Purbeck.  A  fish  from  the 
Muschelkalk,  originally  described  as  Pholidophorus  porro^  has  been 
made  the  type  of  the  genus  Prohalecites^  on  account  of  peculiar 
features  in  its  squamation.  Larger  forms  are  ranked  under  the 
genera  Isopholis  of  the  Lias  and  Kimeridgian,  and  Ophiopsisy  which 
extends  from  the  Lias  to  the  Purbeck.  Of  the  remaining  genera 
we  have  Eusemius  and  Propterus  in  the  Kimeridgian  of  Bavaria ; 
Notagpgus  from  the  latter  deposits,  and  also  in  the  Lower  Greensand 
of  Italy ;  Histionotus  in  the  Bavarian  Kimeridgian  and  the  English 
Purbeck ;  M<uros€mitis  ranging  from  the  Stonesfield  Slate  to  the 
Kimeridgian  of  Bavaria;  and  Legnonotus  from  the  English  Lias. 
LophiostomuSy  from  the  Chalk  of  Sussex,  may  perhaps  be  placed 
here,  although  its  skull  approximates  to  that  of  Amia.  The  scales 
are  pitted,  and  have  a  pectinated  posterior  border. 

Family  AspiDORHVNCHiDiE  (RHYNCHODONXiDiE). — In  this  family 
the  body  is  much  elongated,  and  covered  with  scales  of  unequal 


F%.  937.— A,  The  Gar-fMke  {Lepidottetu  asseus).    Recent.    North  America,    b,  Asphio- 
rkjmchtu;  from  the  Jurassic    Both  much  reduced. 

sizes ;  the  skull  is  produced  into  a  short  rostrum;  the  caudal  fin  is  of 
the  masked  heterocercal  type ;  the  fins  carry  fulcra ;  the  vertebrae 
have  ossified  rings ;  and  the  teeth  are  either  blunt  or  sharp.  This 
family  is  represented  only  by  the  Mesozoic  genera  Aspidorhynchus 
and  BelanostomuSy  in  both  of  which  the  dorsal  fin  is  placed  above 
the  anal    In  the  former  (fig,  927,  b),  which  ranges  from  the  Lias  to 
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the  Purbeck,  the  length  of  the  upper  jaw  exceeds  that  of  the  lower, 
and  in  advance  of  the  mandibular  symphysis  there  is  a  predentary 
bone  (not  shown  in  the  figure)  apparently  corresponding  to  the  one 
found  in  certain  Dinosaurs.  In  Belonostomus^  which,  as  now  re- 
stricted, ranges  from  the  Lower  Kimeridgian  of  Bavaria  to  the 
Chalk,  the  predentary  bone  is  so  much  elongated  as  to  make  the 
upper  and  lower  jaws  of  nearly  equal  length,  and  the  predentary 
carries  a  median  row  of  large  conical  teeth,  flanked  by  two  rows  of 
minute  teeth ;  the  teeth  of  the  normal  bones  of  the  jaws  having 
mammilated  crowns  adapted  for  crushing. 

Family  BELONORHVNCHiDiE. — This  family  name  has  been  pro- 
posed by  Mr  S.  Woodward  for  the  remarkable  genus  Belonorhynchus^ 
typically  occurring  in  the  Upper  Trias  of  Carinthia,  but  also  found 
in  the  Lower  Lias  of  Dorsetshire,  where  the  specimens  had  been 
originally  referred  to  Belonostotnus,  According  to  the  writer  quoted, 
Belonorhynchus  was  allied  to  the  latter  genus,  having  a  similar  long 
and  slender  body,  with  the  same  general  position  and  structure  of 
the  fins,  and  probably  furnished  with  a  predentary  bone.  The  fulcra 
of  the  fins  were,  however,  either  absent  or  very  minute ;  and,  with 
the  exception  of  a  median  dorsal  and  ventral  series  of  scutes,  and 
another  series  on  the  lateral  line,  the  body  was  naked.  The  im- 
perfectly known  Saurichthys^  from  the  Rhaetic  of  Bristol,  is  a  closely 
allied,  if  not  generically  identical,  type.  Specimens  of  the  upper 
jaw  show  that  (as  in  Belonorhynchus)  the  bone  was  covered  with  fine 
tubercles,  and  that  the  maxillae  gave  off  horizontal  palatal  plates,  like 
those  found  in  Amphibians  and  Reptiles. 

Family  LEPiDOSTEiDiE. — The  Gar-pikes  of  the  genus  Lepidosteus 
(fig.  927,  a),  inhabiting  the  fresh  waters  of  Northern  and  Central 
America  and  Cuba,  agree  with  the  Aspidorhynchida  in  the  general 
contour  of  the  body  and  the  arrangement  of  the  fins;  but  the 
rostrum  of  the  skull  is  much  longer,  and  the  tail  distinctly  hetero- 
cercal.  The  scales  are  lozenge-shaped.  The  existing  genus  appears 
to  be  represented  in  the  Lower  Eocene  of  France  by  a  species  (Z. 
Maximiliani)  formerly  referred  to  Lepidotus  ;  and  it  may  also  occur 
in  the  Upper  Eocene  (Oligocene),  where  a  species  described  under 
the  name  of  Naisia  has  been  referred  to  it.  In  North  America  we 
have  also  Pneumatosteus^  from  the  Miocene,  and  Clastes^  from  the 
Lower  Eocene,  both  being  freshwater  forms,  and  the  latter  also 
occurring  in  the  Eocene  of  Rheims. 

Suborder  7.  Amioidea. — According  to  Dr  Traquair's  classifi- 
cation, the  last  and  most  specialised  suborder  of  the  Ganoids  is 
typically  represented  by  the  existing  Amia  and  a  series  of  Mesozoic 
genera  approximating  more  or  less  closely  to  the  Teleostei.  In 
these  forms  the  paired  fins  are  non-lobate ;  the  infraclavicular  bone  is 
absent ;  the  operculars  are  Teleostean ;  the  branchiostegals  have  a 
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median  jugular  plate;  the  vertebrae  are  more  or  less  completely 
ossified ;  the  tail  is  masked  heterocercal ;  and  the  scales  are  thin  and 
usually  cycloidal.  In  all  cases  the  teeth  are  small  and  pointed.  It 
is  probable,  indeed,  that  in  the  Mesozoic  representatives  of  this 
group  we  have  forms  closely  allied  to  the  ancestors  of  the  Teleostei, 
and  it  is  more  than  likely  that  future  discoveries  will  show  a  com- 
plete passage  between  the  Ganoids,  as  represented  by  this  suborder, 
and  the  Teleosteans. 

Family  PACHVCORMiDiE  (MiCROLEPiDOTi).-r-According  to  Pro- 
fessor Zittel,  Ptuhycormus  and  its  allies  should  be  placed  in  this  sub- 
order, although  other  writers  have  regarded  them  as  more  nearly 
related  to  the  Dapediida,  In  these  forms  the  scales,  although  thin 
and  imbricating,  are  subrhomboidal,  and  the  vertebral  column  is 
very  incompletely  ossified  The  chief  genera,  which  are  European, 
include  Pachycormus^  ranging  from  the  Lias  to  the  Oxford  Clay 
(Middle  Jurassic) ;  Endactis,  from  the  Lower  Lias ;  Euthynotus^  of 
the  same  horizon;  and  HypsicormuSy  Sauropsis^  and  Agassizia^  of 
the  Lower  Kimeridgian  of  Bavaria. 

Family  CAXURiDiE. — The  Caturoids  are  a  family  of  Salmon- 
shaped  fishes,  varying  greatly  in  size,  and  ranging  in  time  from  the 
lias  to  the  Chalk,  but  especially  common  in  the  Kimeridgian  litho- 
graphic limestones?  The  vertebral  column  may  be  either  very  imper- 
fectly or  completely  ossified,  the  tail  is  more  or  less  deeply  forked,  and 
the  fins  have  fulcra.  Caturus  itself  comprises  a  number  of  species, 
some  of  which  are  of  large  size,  and  two  of  which  are  represented  in 
figs.  928,  928  Ins.     The  scales  are  very  like  those  of  the  Teleosteans, 


Fig.  938.— Skeleton  of  Catvrusfureatus  ;  from  the  Kimeridgian  of  Bavaria.     Reduced. 
/,  Pectoral ;  r,  Felvic ;  a.  Anal ;  c,  Caudal ;  dy  Dorsal  fin. 

but  still  retain  the  Ganoid  character  of  an  inferior  layer  of  bone  and 
an  upper  one  of  enamel.  The  dorsal  fin  is  placed  immediately  above 
the  pelvic.  This  genus  ranges  from  the  Lias  to  the  Kimeridgian, 
C  maximus  attaining  a  length  of  three  feet.  Strobilodus^  from  the 
Kimeridgian  of  England  and  the  Continent,  is  a  closely  allied  if  not 
identical  genus.  Other  genera  are  Isocolum^  from  the  Dorsetshire 
Lower  Lias ;  and  the  Jurassic  LiodesmuSy  Eurycormus^  OligopkuruSy 
(Enoscopus  {Attakeopsis\  Macrorhipis^  and  jEthalion,     OligopUurus 
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has  the  dorsal  fin  placed  behind  the  pelvic ;  and  in  this  and  several 
of  the  other  genera  the  vertebrse  consist  of  the  upper  and  lower 

horse-shoe-shaped  elements  mentioned 
in  the  preliminary  notice  of  the  order. 
Family  LEPTOLEPiDiDiE. — Of  strik- 
ing similarity  in  external  contour  to 
the  Caturoids  is  the  genus  Leptolepis 
(fig.  929),  which  is  placed  by  Dr 
Giinther  next  to  that  family,  although 
some  palaeontologists  regard  it  as  a 
Teleostean.  The  vertebral  column  is 
fully  ossified,  and  the  fins  are  with- 
out fulcra.  In  this  genus,  which 
ranges  from  the  Lias  to  the  Kimer- 
idgian,  the  dorsal  fin  is  placed  im- 
mediately over  the  pelvic;  but  in 
Thrissops^  of  the  Kimeridgian,  it  is 
above  the  anal.  In  external  charac- 
ters these  Fishes  cannot  be  distin- 
guished from  Teleosteans;  and  it  is 
probable  that  they  are  intimately 
connected  with  that  order,  even  if 
they  should  not  be  placed  in  it. 

Family  AMiiDiE. — In  the  Amioids 
the  vertebral  column  is  fully  ossified, 
and  in  the  caudal  region  has  a  series 
of  centra  bearing  the  neural  and 
haemal  arches,  which  alternate  with 
intercentra  devoid  of  such  append- 
ages. Fulcra  may  or  not  be  pres- 
ent; and  the  caudal  fin  is  convex, 
with  the  extremity  of  the  vertebral 
column  bent  sharply  up  into  the 
upper  lobe.  In  MegaluruSy  of  the 
Purbeck  and  Kimeridgian,  fulcra  are 
present,  and  the  dorsal  fin  is  short, 
and  does  not  extend  in  advance  of 
the  pelvic.  Lophiurus,  from  the 
same  horizon,  and  Opsigonus  and  AmiopsiSy  of  the  Lower  Chalk, 
are  other  genera,  of  which  the  first  two  are  nearly  related  to 
Megalurus,  The  existing  Amia^  of  the  freshwaters  of  the  southern 
United  States,  has  no  fulcra,  and  the  dorsal  fin  occupies  three- 
quarters  of  the  length  of  the  body.  It  appears  probable  that  this 
genus  is  represented  in  the  Upper  Eocene  (Lower  Oligocene)  and 
the  Lower  Miocene  of  the  Continent,  where  its  remains  have  been 


Fig.  938  bis.  —  Skeleton  of  ^  Caturus 
elongatusi  from  the  Kimeridgian  of 
France.  One-half  natural  size.  (After 
Zittel.) 
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described  under  the  names  of  Cyclurus  and  Notaus ;  and  it  also 
occurs  in  the  Eocene  of  Colorado  and  Wyoming,  where  it  has  been 
described  as  Protamia  and  Hypamia,  The  Eocenes  of  the  latter 
district  and  of  Rheims  have  also  yielded  the  allied  Pappichthys^ 


Fig.  ^iaq.—L€ptoUpi$  tfrmtti/ormis  ;  from  the  Kimeridgian  of  Bohemia. 
Letters  as  in  fig.  938. 

in  which  there  is  but  a  single  row  of  teeth ;  and  members  of  this 
funily  may  occur  in  the  Chalk  of  the  Lebanon. 

iNCERTiE  Sedis. — The  remarkable  genus  Dorypterus^  of  the  Per- 
mian of  Hesse  and  Durham,  may  be  conveniently  noticed  here,  since 
its  position  is  very  problematical.  In  this  remarkable  fish  the  body 
is  shaped  somewhat  like  that  of  a  Sunfish,  and  the  anterior  part  of 
the  dorsal  fin  is  taller  than  the  whole  depth  of  the  body.  There 
are,  moreover,  the  Ganoid  characters  of  fulcra  to  the  fins,  and  the 
notochordal  condition  of  the  vertebral  column ;  but,  on  the  other 
hand,  there  are  no  ganoid  scales,  and  the  pelvic  fins  are  placed  in 
advance  of  the  pectorals,  as  in  some  of  the  Teleostei.  On  account 
of  this  curious  combination  of  characters.  Professor  Cope  has  pro- 
posed to  make  Doryptenis  the  type  of  a  special  order,  the  Dory- 
copteri,  with  the  family  Dorypterida, 
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Order  Teleostei. 


Order  VI.  Teleostei.  —  The  last,  and  in  many  respects  the 
most  highly  organised,  order  of  Fishes  is  the  Teleostei,  which  in- 
cludes the  greater  number  of  existing  forms,  and  (unless  some  of 
the  genera  here  placed  in  the  Amioidea  belong  to  it)  does  not  date 
back  beyond  the  Cretaceous.  The  Teleostei  are  in  all  probability 
descended  from  the  Ganoids,  and  occupy  in  the  class  a  somewhat 
analogous  position  to  that  held  by  the  Squamata  among  the  Reptiles 
and  the  Passeres  among  Birds ;  all  traces  of  Amphibian  affinities 
having  been  entirely  lost  in  this  order. 

It  is  impossible  to  give  a  definition  of  the  order  by  which  it  can 
be  sharply  separated  from  the  Ganoids,  but  the  following  are  its 

most  characteristic  fea- 
^    tfj^  tures   from   a   palaeon- 

tological  point  of  view. 
The  body  is  usually 
covered  with  thin  elas- 
tic, cycloid,  or  ctenoid 
scales  (figs.  832,  833); 
but  bony  scutes  or  gan- 
oid scales  are  occasion- 
ally present  The  whole 
of  the  endoskeleton  is 
well  ossified;  and  the 
gills  are  freely  suspend- 
ed in  a  gill-cavity  cover- 
ed by  a  well-developed 
operculum  (fig.  930). 
The  caudal  fin  of  the 
adult  is  of  that  completely  masked  heterocercal  type  usually  termed 
homocercal  (fig.  931).     The  pelvic  fins  may  be  either  abdominal 


Mj' 


Fig.  930.— Skull  of  Trout  {Salmo),     Reduced, 
as  in  fig.  843,  p.  9x7. 


Letters 
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or  placed  in  advance  of  the  pectorals.  The  fin-rays  may  or  may 
not  be  articulated ;  and  there  are  never  fulcra  on  the  fins.  There 
are  two  pairs  of  nasal  openings  on  the  top  of  the  head.  Other 
characters  are  found  in  the  soft  parts  which  are  not  usually  avail- 
able in  the  case  of  fossils. 

It  may  further  be  observed  that  Teleosteans  agree  with  Ganoids 
in  the  hyostylic  structure  of  the  skull,  and  that  cranial  bones  and  a 
secondary  pectoral  girdle  (fig.  844)  are  always  developed.  The 
arrangement  of  the  cranial  bones  in  a  typical  Teleostean  is  shown 
in  fig.  930,  where  it  will  be  seen  that  the  preopercular  (/V)  does  not 


Fig.  931. — Skeleton  of  the  Perch  {JPercaJlmnatiU*).     Reduced.    Letters  as  in  fig.  836,  p.  913. 

extend  on  to  the  face  as  it  does  in  some  Ganoids.  In  certain  forms, 
however  {Silurid(E\  the  cranium  develops  large  bony  plates,  articu- 
lating with  others  in  the  cervico-dorsal  region,  and  presenting  a 
striking  resemblance  to  some  of  the  cartilaginous  Ganoids.  In  the 
same  group  strong  spines,  articulating  with  the  underlying  bones,  are 
developed  in  the  pectoral  and  dorsal  fins ;  while  the  Salmonoids,  many 
Siluroids,  and  others  develop  behind  the  rayed  dorsal  an  additional 
fin  without  rays,  to  which  the  name  adipose  ox  fatty  fin  is  applied. 

According  to  Dr  Giinther's  classification,  the  Teleostei  are  divided 
into  six  suborders,  but  other  writers  would  group  the  last  five  of 
these  together  under  the  name  of  Physoclysti,  as  of  equivalent  value 
to  the  first,  or  Physostomi.  The  former  arrangement  will  be  fol- 
lowed here,  but  only  such  families  as  are  of  importance  to  the 
palaeontologist  can  be  noticed. 

Suborder  i.  Physostomi. — In  this  suborder  the  swim-bladder, 
when  present,  is  connected  by  a  duct  with  the  pharynx ;  the  pelvic 
fins  are  generally  abdominal  in  position,  and  have  no  spine ;  while 
all  the  fin-rays  are  articulated,  but  sometimes  only  the  first  rays  of 
the  dorsal  and  pectoral  fins  are  ossified.     This  suborder  comprises 


Digitized  by  VjOOQIC 


994  CLASS  PISCES. 

the  most  generalised  Teleosteans,  and  those  most  nearly  connected 
with  the  bony  Ganoids. 

Family  SALMONiDiE, — The  members  of  this  and  the  next  family 
are  so  intimately  connected  by  fossil  forms,  that  it  is  very  difficult 
to  draw  any  distinction  between  them,  and  it  has  accordingly  been 
proposed  by  some  writers  that  they  should  be  united  under  the 
name  Halecida.  The  fossil  genus  Hake  is,  however,  very  imper- 
fectly known,  and  if  it  be  eventually  found  advisable  to  merge  the 
two  families,  it  would  seem  preferable  to  employ  the  name  Salmon- 
id(B  in  this  wider  sense.  Existing  Salmonoids  are  characterised  by 
the  presence  of  an  adipose  dorsal  fin,  and  by  the  premaxilla  and 
maxilla  forming  the  borders  of  the  mouth,  and  both  bearing  teeth. 
There  are  no  scales  on  the  head,  and  no  barbels  to  the  mouth. 
Recent  Salmonoids  are  either  marine,  or  inhabitants  of  the  fresh- 
waters  of  the  Northern  Hemisphere.  Remains  of  the  existing 
marine  genus  Osmerus  (Smelt)  occur  in  the  Upper  Greensand  of 
Germany,  the  Lower  Eocene  of  Glarus,  in  Switzerland,  and  the 
Miocene  of  Licata,  in  Sicily ;  while  nodules  of  unknown  age  found 
in  Greenland  and  Canada  enclose  a  species  of  Mallotus  indistinguish- 
able from  the  existing  M,  villosus  of  the  former  region.  As  forms 
connecting  the  Salmonoids  with  the  Clupeoids  we  may  notice  Au/o- 
iepis,  Acrognathus^  and  Osmeroides^  from  the  English  Chalk.  The 
first  has  a  rounded  body  and  a  depressed  head,  with  minute  teeth, 
and  the  pelvic  fins  abdominal.  In  the  second  the  orbits  are  of 
enormous  dimensions,  and  the  teeth  extremely  minute.  The  third 
genus  (fig.  932)  is  also  abundantly  represented  in  the  Chalk  of  the 
Lebanon,  and  appears  to  have  no  adipose  fin ;  its  skeleton  in  many 


Fig.  <^yi.—Osmtroid4t  Uwetietuis;  from  the  Chalk  of  Sussex.     Reduced. 

respects  resembles  that  of  the  Clupeoids,  but  the  ribs  have  not  the 
peculiar  structure  of  that  group.  Sardinius,  from  the  Chalk  of  the 
Lebanon,  and  Sardinoides  from  the  same  locality,  and  also  from  the 
Chalk  of  Westphalia,  are  more  or  less  closely  allied  forms ;  while 
Opisthopteryx^  of  the  Lebanon  Chalk,  may  also  be  provisionally 
placed  here. 

Family  CLUPEiDiE. — ^The  existing  members  of  the  Clupeoid  or 
Herring  family  differ  from  the  Salmonoids  by  the  absence  of  the 
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adipose  fin,  and  the  presence  of  peculiar  dermal  ossifications  at  the 
ends  of  the  ribs,  which  form  bony  plates  on  the  sides  of  the  thorax. 
All  the  numerous  forms  are  marine,  and  usually  occur  near  the 
coasts.  The  type  genus  Clupea  (Herring)  occurs  in  the  Miocene  of 
Wiirtemberg,  the  Upper  Eocene  of  the  Isle  of  Wight,  the  Eocene 
of  Wyoming  and  Glarus,  and  the  Chalk  of  the  Lebanon.     The 


F^*  933  —The  Common  Herring  (C/if/ra  kartngus\    Reduced. 

common  existing  Herring  is  shown  in  fig.  933.  The  Lebanon 
Chalk  has  also  yielded  a  species  of  the  living  genus  Engraulis ; 
and  the  extinct  genera  Scombroclupea^  Leptosomus}  Chirocentrites  (also 
in  Westphalia),  and  Spaniodon^  which  are  more  or  less  closely  allied 
to  existing  types.  In  the  Eocene  of  the  Continent  we  have  repre- 
sentatives of  the  existing  genera  Engraulis  (Anchovy)  and  Chanos^ 
and  the  extinct  Flatinx,  Caiogastery  and  Crossognathus — the  latter 
being  allied  to  the  existing  Megalops, 

In  this  place  we  may  conveniently  notice  a  number  of  extinct 
genera  more  or  less  allied  to  the  Clupeoids,  but  of  which  the  family 


Fig.  934.— Skeleton  of  R^tuUutfurcahu  ;  from  the  Cretaceous  of  the  Lebanon.    Reduced. 
(After  Pictet  and  Humbert.) 

position  is  in  some  instances  uncertain,  and  some  of  which  retain 
indications  of  marked  affinities  to  the  higher  Ganoids.  One  of  the 
most  remarkable  of  these  is  Rhinellus  (^%,  934),  in  which  the  skull 

'  Preoccupied  by  Leptosoma, 
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is  produced  into  a  rostrum,  occasionally  equal  in  length  to  the 
entire  body ;  this  genus  occurs  in  the  Chalk  of  the  Lebanon,  and 
is  considered  to  show  affinity  with  Opisthopteryx,  Another  group 
seems  to  be  related  to  the  existing  Clupeoid  genus  Elops^  but  also 
presents  characters  connecting  it  with  the  American  freshwater 
family  Characinidce,  Among  these  we  may  notice  Rhacolepis^  from 
the  Cretaceous  of  Brazil ;  and  in  Europe  Elopides^  from  the  Lower 
Eocene  of  Glarus ;  Elopopsis^  from  the  Cretaceous  of  Bohemia  and 
Istria ;  Hemielopopsis^  in  which  the  borders  of  the  mouth  appear  to 
have  been  devoid  of  teeth,  from  that  of  Lesina,  on  the  Dalmatian 
coast;  and  Protelopis^  of  the  Bohemian  Cretaceous,  characterised 
by  the  short' jaws  and  the  presence  of  crushing-teeth  on  the  palate. 
Thrissopater^  again,  from  the  Folkestone  Gault,  differs  from  the 
modern  Elopine  type  by  its  compressed  body ;  while  Halec^  of  the 
European  Chalk,  is  still  very  imperfectly  known.     Alosa^  of  the 


Fig.  935. — Skeleton  oi  Diplomystus  brevissimus;  from  the  Chalk  of  the  Lebanon. 

Eocene  of  Algeria,  and  Diplomystus  (fig.  935),  originally  described 
from  the  Eocene  of  Wyoming,  but  subsequently  found  in  the  Creta- 
ceous of  Brazil  and  of  the  Lebanon,  are  allied  forms.  The  latter 
genus  has  a  series  of  dorsal  scutes,  which  are  very  characteristic. 
HemitrichiaSy  from  the  Tertiary  of  Northern  Italy,  differs  from  all 
existing  Clupeoids  in  having  two  dorsal  fins. 

Family  PROxosPHYRiENiDiE. — With  this  family  we  come  to  the 
first  of  a  group  comprising  several  families  of  extinct  marine  Fishes 
characterised  by  their  large  spear-like  teeth,  and  hence  termed 
Saurodonts.  They  should  evidently  be  placed  near  the  Clupeoids, 
although  their  division  into  families  must  be  regarded  as  provisional. 
The  present  family  is  characterised  by  the  production  of  the  ethmoid 
in  advance  of  the  maxilla,  to  form  a  long  cylindrical  rostrum ;  by 
the  loose  connection  of  the  premaxillae  with  the  maxillae ;  and  pro- 
bably also  by  the  complexity  of  the  mandible.  The  teeth  were 
implanted  in  distinct  sockets.  The  type  genus  Protosphyrcena 
{Erisichthe)  occurs  in  the  Upper  Cretaceous  of  both  Europe  and 
North  America ;  and  the  large  spear-like  teeth  of  F,  ferox^  which 
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has  the  same  distribution  as  the  genus,  are  very  common  in  the 
coprolitic  beds  of  the  Cambridge  Greensand,  and  were  for  a  long 
time  referred  to  the  American  Saurocephalus  landfqrmis^  which  was 
once  thought  to  be  a  Reptile.  These  teeth  are  compressed,  and 
without  marginal  serrations.  The  fins  were  provided  with  large 
ribbed  spines,  which  were  at  one  time  referred  to  the  Selachian 
genus  Ptychodus^  and  subsequently  were  made  the  type  of  another 
genus  under  the  name  of  Pelecopterus, 

Family  DERCExiDiE  (HoPLOPLEURiDit). — The  members  of  the 
second  family  of  Saurodonts  are  characterised  by  their  elongated 
shape,  their  powerful  dentition,  and  the  presence  of  several  series 
of  large  triangular  scutes  along  the  sides  of  the  body;  there  is 
but  one  dorsal  fin  in  those  forms  in  which  the  fins  are  known ; 
the  teeth  are  not  implanted  in  sockets ;  and  the  skull  is  frequently 
produced  into  a  rostrum.  This  family  probably  passes  impercep- 
tibly into  the  next 

The  typical  genus  Dercetis  (in  which  Leptotrcuhelus  may  be  in- 
cluded) occurs  in  the  Chalk  of  England,  Bohemia,  and  the  Lebanon, 
and  also  in  the  Upper  Cretaceous  of  Westphalia ;  it  is  characterised 
by  the  length  of  the  upper  jaw  exceeding  that  of  the  lower,  and  by 
the  presence  of  five  rows  of  scutes,  of  which  the  middle  one  bears 
the  lateral  line.  The  allied  Aspidopleurus  is  confined  to  the  Lebanon 
beds.  Other  members  of  this  faniily  are  Blochius^  from  the  Middle 
Eocene  of  Monte  Bolca ;  Flinthophorus,  of  the  English  Chalk ; 
PeiagarhynchuSj  from  the  Upper  Cretaceous  of  Westphalia;  and 
SaurorkamphuSy  firom  that  of  Istria.  Plinthophorus  has  two  rows  of 
scutes,  but  is  otherwise  naked. 

Family  ENCHODONTiDiE. — ^The  genera  which  may  be  provision- 
ally grouped  under  this  name  are  distinguished  by  the  moderate 
lateral  compression  of  the  body,  which  may  be  either  naked  or 


Fig.  936. — Skeleton  o(  Eurypkolu  Boissieri:  from  the  Chalk  oT  the  Lebanon. 
Reduced.    (After  Pictet  and  Humbert.) 

covered  with  scutes,  and  by  the  elongated  premaxillae  and  maxillae, 
which  cany  small  teeth  anchylosed  (like  those  of  the  mandible)  to 
the  bone.  A  considerable  portion  of  the  maxilla  is  excluded  from 
the  margin  of  the  jaw  by  the  premaxilla ;  teeth  occur  on  the  pala- 
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tines  and  ectopterygoids ;  and  the  dentary  bone  of  the  mandible 
has  one  series  of  large  teeth,  with  one  or  more  inner  rows  of  smaller 
ones.  The  type  genus  Enchodus^  with  which  Eurygnathus  of  the 
Lebanon  beds  is  identical,  occurs  in  the  Upper  Cretaceous  of 
Europe,  North  America,  Brazil,  and  perhaps  India.  Closely  allied 
to  this  genus  is  Eurypholis  (fig.  936),  of  the  Lebanon  Chalk,  which 
is  merely  distinguished  by  the  presence  of  a  few  dermal  scutes. 
CimolichthySy  from  the  Upper  Cretaceous  of  Europe  and  the  United 
States,  and  Fomognathus  {Fhyiactocephaius\  from  the  Chalk  of 
Europe  and  the  Lebanon,  are  nearly  related  genera,  mainly  distin- 
guished by  their  dentition.  Here  also  may  be  placed  Ischyrocepha- 
luSy  of  the  Upper  Cretaceous  of  Westphalia,  which  may  perhaps 
have  had  two  dorsal  fins,  and  appears  to  connect  Enchodus  with  the 
DercetidcB, 

Family  PACHYRHizoDONTiDiE. — Allied  to  the  preceding,  but  with 
the  body  more  compressed,  and  covered  with  either  scutes  or  scales, 
or  both  together,  is  a  group  of  Fishes  which  may  be  provisionally 
placed  in  a  distinct  family.  The  premaxillae  and  maxillae  are  large, 
and  carry  powerful  teeth,  which  may  form  one  or  more  rows,  and 
are  set  in  incomplete  sockets,  and  anchylosed  to  the  bone ;  while 
the  abdominal  vertebrae  are  characterised  by  their  longitudinal 
striation  and  the  absence  of  deep  pits.  The  type  genus  Pachyrhiz- 
odus  {Hypsodon  in  part)  ranges  in  Europe  from  the  Chalk  to  the 
London  Clay,  and  also  occurs  in  the  Cretaceous  of  North  America ; 
its  teeth  are  so  like  those  of  Reptiles  that  a  lower  jaw  was  described 
as  belonging  to  a  species  of  Mosasaurus,  Empo,  of  the  North 
American  Cretaceous,  may  be  certainly  placed  in  this  family;  in 
which  we  may  also  probably  include  Stratodus,  of  the  Upper  Cre- 
taceous of  both  Europe  and  North  America.  An  allied  type,  from 
the  Lower  Miocene  of  Belgium,  has  been  described  under  the  pre- 
occupied name  of  Amphodon. 

Family  SAUROCEPHALiDiE  (SAURODONxiDiE). — ^The  last  family  of 
the  Saurodonts  are  laterally  compressed  Fishes,  in  which  the  maxillae 
and  premaxillae  are  large,  and  carry  powerful  teeth,  which  are  usually 
implanted  in  distinct  sockets.  The  dentary  bone  of  the  mandible 
has  but  a  single  row  of  similar  teeth,  and  there  are  no  teeth  on  the 
palatines  and  ectopterygoids.  The  vertebrae,  with  the  exception  of 
those  of  the  cervical  region,  carry  two  deep  grooves  and  pits  on 
their  lateral  surfaces.  The  type  genus  Saurocephalus  is  represented 
in  the  Cretaceous  of  North  Ainerica,  and  also  by  a  single  species  in 
the  topmost  Cretaceous  of  Maastricht,  in  Holland ;  the  teeth  are 
subequal  and  closely  approximated.  Ichthyodectes  and  Partheus 
(fig.  937)  also  occur  in  the  Upper  Cretaceous  of  both  Europe  and 
North  America ;  the  latter,  which  extends  down  to  the  Gault,  attain- 
ing large  dimensions,  and  being  characterised  by  the  great  crest  in 
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the  supraoccipital  region,  by  the  unequal  size  of  the  cylindrical  or 
compressed  teeth,  and  the  presence  of  at  least  one  large  spine  in 
the  pectoral  and  pelvic  fins.  Ichihyodectes  apparently  differs  mainly 
by  its  equal-sized  teeth.  Another  genus  is  Daptinus,  of  the  North 
American  and  English  Cretaceous ;  the  English  species  apparently 
connecting  the  typical  American  one  with  Ichihyodectes,  Saurodon 
is  known  from  the  Upper  Greensand  of  New  Jersey ;  while  we  may 


Fig.  937. — ^The  anterior  portion  of  the  skeleton  of  Portktu*  moloutu  ;  from  the  Cretaceous 
of  North  America.    Greatly  reduced.    (After  Cope.) 

provisionally  place  in  this  family  the  imperfectly  known  Tomognathus^ 
of  the  English  Chalk,  in  which  the  teeth  were  anchylosed  to  the 
jaws,  without  sockets,  and  had  subcylindrical  crowns  enamelled 
superiorly. 

As  a  probable  Saurodont,  of  which  the  family  position  cannot  be 
determined,  may  be  mentioned  Gigantichthys  (Titanichthys\  founded 
upon  teeth  of  very  large  size,  from  the  Cretaceous  of  Egypt. 

Family  GoNORHVNCHiDiE. — We  may  now  briefly  mention  five 
small  existing  families  related  to  the  Salmonoids  and  Clupeoids. 
The  first  of  these  is  now  represented  only  by  a  single  species  of 
Gcnorhynchus  found  on  the  coasts  of  South  Africa,  Australia,  and 
Japan.  Closely  allied,  however,  is  Notogoneus^  from  the  Eocene  of 
Wyoming,  which  is  mainly  distinguished  by  its  dentition. 

Family  OsxEOCLOSSiDiE. — The  second  family  is  now  represented 
by  Osteoglossum  of  South  Africa,  Sumatra,  and  Queensland;  the 
huge  Arapaifna  of  the  Brazilian  rivers  ;  and  Heterotis  of  several  of 
those  of  South  Africa ;  thus  presenting  a  striking  example  of  discon- 
tinuous distribution.  The  only  known  fossil  is  DapedoglossuSy  of 
the  Eocene  of  Wyoming ;  a  feature  in  distribution  analogous  to  the 
occurrence  of  the  genus  Notogpneus  of  the  preceding  family  in  the 
same  locality. 

Family  CHiROCENTRiDiE. — The  genus  Chirocentrus^  of  the  Indian 
Ocean,  the  sole  existing  member  of  this  family,  probably  occurs  in 
the  Eocene  of  Sumatra.  Chiromystus^  from  the  Eocene  of  Brazil, 
may  perhaps  be  referable  to  this  family,  although  it  is  not  certain 

vol.  il  h 


Digitized  by  LjOOQ  IC 


1000  CIJVSS  PISCES. 

that  it  should  not  rather  be  placed  in  the  allied  American  family 
Hyodontida, 

Family  EsociDiE. — ^The  £soada  are  now  represented  by  the  Pikes 
(Esox)  of  the  rivers  of  the  Northern  Hemisphere.  They  are  charac- 
terised by  the  margins  of  the  upper  jaws  being  formed  by  the  pre- 
maxillse  and  maxillae ;  by  the  presence  of  small  conical  teeth  on  the 
palate  ;  and  the  absence  of  an  adipose  fin,  and  the  position  of  the 
dorsal  in  the  hinder  part  of  the  body.  Species  of  £sox  occur  in 
the  Upper  Miocene  of  (Eningen  in  Switzerland,  and  the  Pleistocene 
of  Silesia ;  while  the  extinct  Sphenolepis^  of  the  Upper  Eocene  of 
Paris  and  the  Eocene  of  Aix  in  Provence,  characterised  by  its 
wedge-shaped  scales,  is  considered  to  be  allied.  Recent  writers  also 
place  in  this  family  the  marine  Isticeus  of  the  Chalk  of  Westphalia 
and  the  Lebanon,  in  which  there  is  a  long  dorsal  fin  occupying  the 
greater  part  of  the  back. 

Family  ScoMBRESOCiDiE. — The  members  of  this  family  mainly 
inhabit  tropical  and  temperate  seas,  and  are  best  known  by  the  Gar- 
pike  {Belone)  and  the  Flying-fish  {Exocostus).  The  jaws  are  formed 
as  in  the  last  family ;  the  dorsal  fin  is  placed  above  the  anal  in  the 
caudal  region,  and  there  is  no  adipose  fin.  Belone  is  found  in  the 
Miocene  of  Licata,  in  Sicily ;  while  Holosteus  of  the  Middle  Eocene 
of  Monte  Bolca  is  an  allied  genus.  The  living  genus  Exoccetus  is 
characterised  by  the  enormous  development  of  the  pectoral  fins,  and 
was  preceded  in  the  Chalk  of  the  Lebanon  by  the  nearly  related 
Exocostoides, 

Family  CYPRiNODONXiDiE. — ^The  Cyprinodonts  are  mostly  small, 
carp-like  fishes,  inhabiting  the  fresh,  brackish,  or  salt  waters  of  a 
considerable  part  of  the  world;  and  readily  characterised  by  the  pre- 
sence of  scales  on  the  head,  and  the  absence  of  barbels.  Species 
of  the  type  genus  Cyprinodon  {Lebias)  occur  in  the  Middle  and 
Lower  Miocene  of  the  Continent,  while  the  CEningen  beds  have 
yielded  a  species  referred  to  the  South  American  genus  Pouilia.  A 
comparatively  large  Cyprinodont  has  been  described  from  the  Plio- 
cene of  India. 

Family  CvPRiNiDiE. — The  important  family  of  Carps  is  very 
numerously  represented  in  the  freshwaters  of  the  Old  World  and 
North  America.  There  are  no  scales  on  the  head ;  the  margin  of 
the  upper  jaw  is  formed  by  the  premaxillae ;  there  are  no  teeth  in 
the  jaws ;  there  is  no  adipose  fin  ;  the  lower  pharyngeal  bones  carr}' 
one  or  more  rows  of  teeth ;  and  the  mouth  frequently  has  barbels. 
The  body  is  more  or  less  compressed,  and  is  often  comparatively 
deep.  In  the  Miocene  of  the  Continent  we  have  representatives  of 
the  following  genera  now  living  in  Europe — ^viz.,  Cyprinus  (Carp), 
Gobio  (Gudgeon),  Leudscus  (Roach  and  Dace),  I^nca  (Tench), 
Rhodeus,  which  is  mainly  Asiatic,  Aspius,  and  Cobitis,    Acanthopns^ 
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now  confined  to  India,  is  represented  in  the  Miocene  of  QEningen 
and  Puy-de-D6me;  the  Oriental  genera  Amblypharyngodon  and 
Thynichthys  occur  in  the  Eocene  of  Sumatra,  while  the  names 
CycluruSy  Hexapsephus^  and  Mylocyprinus  have  been  applied  to 
North  American  Tertiary  forms,  which  are  probably  more  or  less 
closely  related  to  those  now  inhabiting  the  same  region. 

Family  ScoPELiDiC — The  Scopeloids  are  marine  fishes  allied  to 
the  Carps  (with  which  they  agree  in  the  structure  of  the  jaws),  in 
which  the  body  may  be  naked,  and  there  are  neither  barbels  nor 
swim-bladder.  They  are  represented  in  past  epochs  by  Hemisauriday 
of  the  Cretaceous  of  Istria,  which  is  allied  to  the  living  SauruSy  and 
Parascopelus  and  Anapterus  from  the  Miocene  of  Sicily,  of  which 
the  latter  is  related  to  Paralepis  now  found  in  the  same  region. 

Family  SiLURiDiE. — ^The  Siluroids  or  Cat-fishes  form  a  large 
family  of  freshwater  fishes  of  not  less  importance  than  the  Carps, 
inhabiting  all  temperate  and  tropical  regions,  and  in  some  cases 
entering  the  sea.  The  skin  is  either  naked  or  covered  with  bony 
scutes ;  there  are  always  barbels,  which  frequently  have  a  bony  axis ; 
the  margin  of  the  upper  jaw  is  formed  by  the  premaxillae ;  there 
is  no  subopercular ;  and  there  may  or  may  not  be  an  adipose  fin. 
The  skull  of  the  Siluroids  is  often  remarkable  for  the  great  develop- 
ment of  the  supraoccipital  (fig.  938),  and  the  presence  of  dermal 
ossifications  in  the  region  of  the  neck,  which  spread  over  the  nape, 
and  articulate  with  the  bones  of  the  secondary  pectoral  girdle.  The 
first  and  second  interspinous  bones  of  the  neck  frequently  also 
develop  a  large  bony  buckler,  behind  which  the  long  dorsal  spine 
articulates  by  means  of  a  ring  with  the  first  interspinal ;  and  this 
spine  can  be  fixed  in  an  upright  position  by  a  curious  mechanism 
connected  with  the  second  interspinal.  The  "  helmet "  of  the  nape 
may  be  continuous  with  the  "  buckler,"  and  these  bones,  together 
with  those  of  the  cranium  proper,  are  frequently  ornamented  with  a 
granular  sculpture.  The  pectoral  fins  frequently  carry  a  spine  as 
large  as  that  of  the  dorsal.  The  pharyngeal  teeth  are  generally 
knob-like. 

From  many  points  in  which  the  Siluroids  resemble  the  Placoder- 
matous  Ganoids,  Professor  Huxley  has  suggested  that  we  may  re- 
gard the  latter  as  nearly  related  to  the  ancestors  of  the  existing 
family.  Siluroids  are  not  definitely  known  before  the  Tertiary, 
although  it  has  been  suggested  that  TelepholiSy  from  the  Upper  Cre- 
taceous of  Westphalia,  may  belong  to  this  family.  In  Europe  the 
earliest  undoubted  member  of  the  family  is  known  by  an  imperfect 
skull  from  the  London  Clay,  which  has  received  the  name  of  Buck- 
landium ;  the  affinities  of  this  form  are  imperfectly  known,  but  the 
skull  seems  to  approximate  to  that  of  Auchenoglanis  of  the  African 
rivers.     In  the  Middle  Eocene  of  Bracklesham,  and  the  Upper 
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Eocene  of  Barton,  we  have  Siluroids  referred  to  the  existing  tropical 
genus  Arius  ;  the  peculiar,  somewhat  heart-shaped,  otoliths  of  these 
fishes  being  not  uncommon  in  the  Barton  beds.  It  is  interesting 
to  notice  the  association  in  the  English  Eocene  of  Siluroids  with 
Crocodiles  and  Trionychoid  Chelonians;  the  three  groups  being 
found  together  at  the  present  day  in  India  and  Africa.  The  Eocene 
of  Sumatra  has  yielded  remains  of  extinct  species  of  the  living 
Oriental  genera  Pseudotropius  and  Bagarius ;  the  last-named  genus 
being  also  represented  in  the  Pliocene  Siwaliks  of  India  by  the 
gigantic  B,  Yarrelliy  now  inhabiting  the 
Ganges.  The  same  beds  have  also  yielded 
remains  of  Clarias^  now  found  in  both  the 
Oriental  and  Ethiopian  regions,  of  a  species 
belonging  to  the  genus  Heterobranchus  (fig. 
938),  which  is  now  confined  to  the  Nile, 
and  not  improbably  also  of  Chrysichthys  of 
tropical  Africa.  The  existing  Macrones 
aor  of  the  Indian  and  Burmese  rivers  has 
also  left  its  remains  in  the  Siwaliks ;  while 
the  characteristic  Oriental  genus  Hita  is 
likewise  represented  in  the  same  deposits. 
Finally,  of  the  widely-distributed  genus 
Arius,  which  we  have  already  mentioned 
from  the  English  Eocene,  there  is  evidence 
of  two  Siwalik  species;  one  being  appa- 
rently nearly  allied  to  a  large  existing  West 
African  form.  In  the  Eocene  of  North 
America  there  occurs  the  genus  RhinecLstes, 
which  has  vomerine  teeth,  and  may  be 
allied  either  to  Aritis  or  to  PimeioduSy 
the  same  deposits  have  been   referred  to  the 


Fig.  038.— Upper  view  of  the 
skull  of  HeUrohroHchut  inier- 
mtdius;  from  the  Nile.  One- 
half  natural  size,  a,  Supraocci- 
pital,  and  3,  Frontal  vacuities ; 
*rt,  Ethmoid  ;  /r,  Frontal ;  ^r, 
Orbit ;  <»/,  Supraoccipital ;  /«, 
Turbinal.  The  sculi 
omitted. 
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latter  genus. 

Family  MuRiENiDiE. — The  last  family  that  we  have  to  notice  in 
this  suborder  is  that  of  the  Eels.  In  these  fishes  the  body  is  greatly 
elongated,  and  either  naked,  or  covered  with  rudimental  scales ;  the 
toothed  maxillae  form  part  of  the  border  of  the  upper  jaw,  and 
there  are  no  pelvic  fins.  Of  the  freshwater  forms,  Anguilla  (Eel) 
ranges  from  the  present  date  to  the  Chalk  of  the  Lebanon,  and  is 
abundantly  represented  in  the  Miocene  of  CEningen  and  the  Middle 
Eocene  of  Monte  Bolca.  The  Marine  forms,  or  Congers,  are  repre- 
sented by  species  of  the  existing  genus  Ophichthys  in  the  Monte 
Bolca  beds;  and  by  the  extinct  Sphagebranckus  of  the  latter  deposits, 
and  Rhynchorhinus  of  the  London  Clay.  Peculiar  larval  forms  of 
the  type  known  as  Leptocephali  occur  in  the  Continental  Tertiaries, 
some  of  which  are  probably  referable  to  this  family. 
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Suborder  2.  Anacanthini. — In  this  and  the  four  following  sub- 
orders, together  forming  the  Physoclysti  of  some  writers,  the  swim- 
bladder  (when  present)  has  no  connection  with  the  pharynx,  and 
the  pelvic  fins  are  nearly  always  thoracic  or  jugular  in  position — in 
the  latter  case  being  in  advance  of  the  pectorals.  The  present  sub- 
order is  further  characterised  by  the  rays  of  the  dorsal  fin  being  soft 
and  jointed,  and  the  pelvic  fin  never  abdominal. 

Family  GADiDiE. — In  the  Cod  family  the  body  (fig.  939)  is  sym- 
metrical, and  covered  with  small  scales ;  there  may  be  three  dorsal 


Fig.  939. — The  Cod  {Ptutus  morrhua).    Reduced. 

fins,  and  the  pelvic  fins  are  jugular.  All  the  genera  are  marine, 
and  the  family  is  unknown  before  the  Eocene.  The  extinct  Nemo- 
pteryx  and  Faiaogadus  have  been  described  from  the  Eocene  of 
Glarus;  while  in  the  London  Clay  of  Sheppey  we  have  species 


Fig.  940^ — Skeleton  of  Rkambus  minimus  ;  from  the  Middle  £ocene  of  Monte  Bolca. 

allied  to   Gadus  (Cod),  Merluccius  (Hake),  and  Physis.      Other 
Gadoids  occur  in  the  Miocene  of  Sicily. 

Family  PLEURONEcriDiE. — The  Flat-fishes  are  characterised  by 
the  extreme  lateral  compression  of  the  body  {^%,  940),  of  which  the 
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fore  part  and  the  head  are  not  bilaterally  symmetrical.  They  swim 
with  one  side  upwards  and  the  other  downward,  the  head  being 
twisted  round  so  as  to  bring  the  two  eyes  upon  that  side  which 
becomes  the  upper  one,  and  which  alone  is  coloured.  There  is  no 
swim-bladder,  and  the  dorsal  and  anal  fins  occupy  almost  the  entire 
length  of  the  body.  Remains  of  a  species  of  Rhombus  or  Turbot 
(fig.  940)  are  found  in  the  Middle  Eocene  of  Monte  Bolca,  and 
those  of  a  Solea  (Sole)  in  the  Miocene  of  Wiirtemberg. 

Suborder  3.  Pharyngognathi.  —  In  this  small  suborder  a 
portion  of  the  rays  of  the  dorsal,  anal,  and  pelvic  fins  is  formed 
by  non-articulated  spines.  The  lower  pharyngeal  bones  are  united ; 
and  the  swim-bladder  has  no  duct. 

Family  PoMACENTRiDiE. — Of  this  large  family  the  only  European 
fossil  representative  is  Odonteus  from  the  Middle  Eocene  of  Monte 
Bolca,  which  is  allied  to  the  existing  Heliastes  ;  but  Professor  Cope 
thinks  that  Priscacara  from  the  Eocene  of  North  America  may 
perhaps  be  referable  to  it,  although  vomerine  teeth  are  present.  All 
the  members  of  this  family  have  ctenoid  scales. 

Family  LABRiDiE. — The  Wrasses  are  a  large  family  of  littoral 
fishes  most  abundant  in  tropical  and  temperate  regions,  and  char- 
acterised by  their  cycloid  scales,  the  single  dorsal  fin,  the  thoracic 
position  of  the  pelvic  fins,  and  the  absence  of  teeth  on  the  palate. 
Many  of  them  have  the  lips  greatly  thickened ;  and  the  pharyngeal 
bones  bear  molariform  teeth.  The  existing  genus  Labrus  is  recorded 
from  the  Middle  Eocene  of  Monte  Bolca  and  the  Miocene  of 
Switzerland  ;  while  Saurinichthys  of  the  Miocene  of  France  appears 
allied  to  the  living  Odacina.  Protauiaga 
of  the  Eocene  of  North  America  is  the 
ancestral  form  of  the  Black-fish  (Tautaga) 
of  the  same  country. . 

Family  PHARYNCODOPiLiDiE, — A  number 
of  extinct  fishes  more  or  less  nearly  allied 
to  the  Wrasses,  but  differing  in  several  points 
very  markedly  from  that  family  are  regarded 
as  forming  a  group  by  themselves.  The 
type  genus  Pharyngodopilus  {Nummopala- 
tus)  occurs  in  the  French  Miocene,  and  in 
the  Tertiary  of  the  Canaries ;  closely  allied 
Fig.  941.— Pharyngeal  teeth  to  which  is  Phyllodus  from  the  Cretaceous 
^^^iiodus  from  the  u>«Kion  ^^  Qcrmany  and  the  London  Clay  of  Shep- 
pey,  derived  teeth  being  also  found  in  the 
Suffolk  Crag.  The  pharyngeal  teeth  of  Phyllodus  (fig.  941)  are 
remarkable  for  their  thin  and  leaf-like  structure,  and  also  for  the 
rapid  manner  in  which  they  are  succeeded  from  below  by  fresh 
ones.     The  imperfectly  known  Egertonia  from  the  Lower  Eocene 
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of  Sheppey,  and  Piatyicemus  from  the  Middle  Eocene  of  Brack- 
lesham,  may  be  provisionally  included  in  this  family. 

Family  CHROMiDiE. — ^The  Chromids  are  a  family  of  small  fresh- 
water Fishes  from  Palestine,  tropical  Africa,  and  America ;  and  also 
represented  by  one  genus  in  India.  The  scales  are  usually  ctenoid, 
the  lateral  line  is  interrupted,  and  the  teeth  of  the  jaws  are  very 
small.  To  this  family  is  referred  the  large  genus  Pycnosterinx 
from  the  Cretaceous  of  the  Lebanon ;  and  with  less  certainty 
Imogaster  of  the  same  deposits. 

Suborder  4.  Acanthoptervgii. — ^The  Acanthopterygii  form  a 
very  large  series  characterised  by  part  of  the  rays  of  the  dorsal,  anal, 
and  pelvic  fins  being  non-articulated  and  forming  strong  spines.  The 
lower  pharyngeal  bones  are  usually  separate ;  and  there  is  no  duct 
to  the  swim-bladder.     The  scales  are  very  generally  ctenoid. 

Family  OPHiocEPHALiDiE. — The  Ophiocephalida  are  freshwater 
fishes,  almost  confined  to  the  Oriental  region,  in  which  the  long 
head  and  body  are  entirely  covered  with  scales,  and  the  dorsal  and 
anal  fins  are  long  and  devoid  of  spines.  These  fishes  are  in  the 
habit  of  burying  themselves  in  the  mud  during  droughts.  The  type 
genus  Ophiocephalus  is  represented  in  the  Pliocene  of  India  by 
species  closely  allied  to,  if  not  identical  with  some  of  those  now 
inhabiting  the  same  area. 

Families  FisxuLARiiDiE  and  CENTRisciDiE. — The  first  of  these 
families  comprises  the  marine  "  Flute-mouths,"  characterised  by  the 
long  body  and  the  production  of  the  anterior  bones  of  the  skull 
into  a  long  tube,  terminating  in  the  mouth,  and  by  the  absence  or 
small  size  of  the  scales.  The  existing  genera  Fisiularia  and  Aulo- 
stomay  now  found  on  the  borders  of  the  tropical  Atlantic  and  Indian 
Oceans,  are  represented  in  the  Eocene  of  Monte  Bolca  and  Glarus ; 
while  AuliscopSy  now  confined  to  the  Pacific  coast  of  North  America, 
is  found  in  the  Eocene  of  Sumatra.  Extinct  genera  from  Monte 
Bolca  are  Urosphen  and  Rhamphosus — the  former  characterised  by 
the  wedge-like  caudal  fin,  and  the  latter  by  a  large  spiny  ray  on  the 
neck«  A  Fistularian,  from  the  Lebanon  Cretaceous,  has  been  named 
SolenognatkuSy  but  the  name  is  preoccupied.  The  Centriscida^  which 
agree  with  the  Fistulariidct  in  the  structure  of  the  mouth,  but  differ 
in  the  form  of  the  body,  are  known  in  a  fossil  state  by  a  species  of 
the  living  genus  Amphisile^  from  Monte  Bolca. 

Family  MuoiLiDiE, — This  and  the  two  next  families  include 
fishes  characterised  by  the  presence  of  two  distinct  dorsal  fins,  of 
which  the  first  is  either  low,  or  has  weak  spines ;  and  by  the  ab- 
dominal position  of  the  pelvic  fins,  which  have  five  rays  and  one 
spine.  The  Grey  Mullets  inhabit  tiie  coasts  of  tropical  and  tem- 
perate seas,  and  have  cycloid  scales  with  no  lateral  line.  The  recent 
genus  Mugii  occurs  in  the  Upper  Eocene  of  Aix;  and   Calamo- 
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fileuruSy  of  the  European  Chalk,  with  which  the  North  American 
genus  Syllamus  is  probably  identical,  may  be  placed  in  this 
family. 

Family  AxHERiNiDiE. — These  fishes,  which  differ  from  the 
Mullets  by  the  presence  of  an  indistinct  lateral  line  and  the  great 
number  of  the  vertebrae,  are  represented  in  the  Middle  Eocene  of 
Monte  Bolca  by  two  minute  species  of  the  existing  genus  Atherinay 
and  also  by  the  extinct  Mesogaster. 

Family  SPHYRiENiDiE. — The  Barracudas,  in  which  the  lateral 
line  is  continuous  and  the  vertebrae  are  not  numerous,  are  known 
at  the  present  day  only  by  Sphyrana,  of  which  some  species  attain 
a  length  of  eight  feet.  That  genus  occurs  in  the  Middle  Eocene  of 
Monte  Bolca,  and  has  also  been  recorded  from  the  Upper  Creta- 
ceous of  the  Lebanon ;  but  it  is  probable  that  the  latter  form  belongs 
to  one  of  the  Saurodont  Physostomi.  Cladocydus^  from  the  Upper 
Cretaceous  of  England  and  Brazil,  is  an  extinct  genus. 

Family  BLENNiiDiE. — ^The  Blennies  form  one  of  four  families  of 
but  little  palaeontological  importance,  in  which  there  is  a  long  dorsal 
fin,  which  may  be  entirely  spinous ;  and  the  ventrals,  if  present,  are 
either  thoracic  or  jugular.  It  is  probable  that  Pterygqcephaltis^  from 
the  Middle  Eocene  of  Monte  Bolca,  should  be  referred  to  this 
family. 

F.AMILY  GoBiiDiE. — The  Gobies  belong  to  another  group  of  the 
suborder  comprising  two  families,  into  the  characters  of  which  it 
will  not  be  necessary  to  enter.  They  are  represented  in  a  fossil 
state  by  the  existing  genus  Gobius^  from  the  Monte  Bolca  Eocene, 
and  the  extinct  Chirothrix^  from  the  Upper  Cretaceous  of  the 
Lebanon. 

Family  DACXYLOPTERiDiB  {CataphracH), — ^This  and  the  next  six 
families  form  a  group  of  considerably  more  interest  to  the  palaeon- 
tologist than  the  preceding.  They  are  collectively  known  as  the 
Cottoscombriform  section,  and  are  characterised  by  the  presence  of 
spines  in  at  least  one  of  the  fins ;  by  the  dorsal  fins  being  either 
continuous  or  close  together ;  by  the  spinous  dorsal,  when  present, 
being  short ;  and  when  the  latter  is  absent  by  the  length  of  the  soft 
dorsal.  The  pelvic  fins  are  always  jugal  or  thoracic.  In  the  present 
family  the  body  is  cylindrical  and  elongate,  with  a  coat  of  bony 
scutes;  the  dentition  is  weak;  and  the  pelvic  fins  are  thoracic 
Peialopteryx^  from  the  Middle  Eocene  of  Monte  Bolca,  is  considered 
to  be  related  to  the  existing  DactylopteruSy  in  which  the  pectorals 
are  lengthened  to  an  enormous  extent. 

Family  CoxriDiE. — ^This  family  is  best  known  by  the  freshwater 
Bull-heads  (Coitus)  and  the  marine  Gurnards  {Trigla),  The  body 
is  more  or  less  oblong ;  the  dentition  weak ;  the  dorsal  fin  is  usually 
divided,  with  the  soft  portion  the  larger ;  and  the  pelvic  fins  are 
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thoracic,  and  generally  have  five  soft  rays.  Cotius  itself  occurs  in 
the  Upper  Miocene  of  CEningen ;  while  the  Upper  Eocene  of  Aix 
yields  the  extinct  Lepidocottus^  distinguished  by  its  ctenoid  scales. 
Trigla  occurs  in  the  European  Tertiaries. 

Family  TRACHiNiDiE. — This  family  comprises  a  number  of  genera 
of  small  marine  Fishes  distributed  over  the  greater  part  of  the  world, 
in  which  the  body  is  long  and  slender,  and  may  or  may  not  have 
scales.  The  dorsal  fin  may  be  either  single  or  divided,  but  its  soft 
portion  is  always  much  longer  than  the  spinous.  To  this  family 
may  probably  be  referred  the  naked  Callipteryx^  fi-om  the  Middle 
Eocene  of  Monte  Bolca ;  while  Trachinopsis,  of  the  Upper  Tertiary 
of  Spain,  is  considered  to  be  allied  to  the  existing  Trachinus — a 
third  extinct  genus  being  FseudoeiiginuSy  of  the  Sicilian  Miocene. 

Family  ScoMBRiDiE. — The  Scombridcs^  typically  represented  by 
the  Mackerels  {Scomter),  but  also  comprising  other  pelagic  Fishes, 
are  characterised  by  the  oblong  and  scarcely  compressed  body,  the 
well-developed  dentition,  the  two  dorsal  fins,  the  general  presence  of 
finlets  in  the  posterior  part  of  the  body,  and  the  thoracic  position  of 
the  pelvic  fins,  which  have  one  spine  and  five  rays.  In  the  Miocene 
and  Eocene  of  Europe,  we  meet  with  species  of  the  existing  genera 
Seomher  (Mackerel),  Thynnus  (Tunny),  and  CybiuMy  one  Lower 
Miocene  species  of  the  latter  having  been  described  under  the 
name  of  Scomberodon,  Curiously  enough,  the  specialised  genus 
Echewis  (Sucking-fishes)  is  found  in  the  Lower  Eocene  of  Glarus. 
Dktyodus  {Sphyranodus)  is  an  extinct  genus  from  the  Lower  Eocene 
of  England  and  the  Lower  Miocene  of  Belgium,  characterised  by 
the  strong  development  of  its  dentition,  and  its  single  row  of  conical 
palatine  teeth.  Other  extinct  genera  are  Palimphyes  and  Isurus^ 
of  the  Lower  Eocene  of  Glarus,  and  Orcynus,  from  the  Middle 
Eocene  of  Monte  Bolca.  The  existing  Pelamys  has  been  recorded 
from  the  Lower  Miocene  of  Belgium. 

Family  CoRYPHiENiDiE. — Another  pelagic  family  allied  to  the 
preceding  is  represented  by  the  well-known  Coryphaenas,  popularly 
known  by  the  misnomer  of  Dolphins.  The  body  is  compressed ; 
the  teeth,  if  present,  are  small  and  conical ;  and  there  is  a  long  un- 
divided dorsal  fin,  without  a  distinct  spinous  portion.  The  existing 
genus  Mene  (Gastrocnemus)  is  found  in  the  Middle  Eocene  of  Monte 
Bolca ;  while  the  family  is  also  represented  by  the  extinct  Goniogna- 
thiSy  of  the  London  Clay. 

Family  CYiTiDiE, — The  Dories  have  the  body  very  deep  and 
much  compressed,  with  the  dorsal  fin  divided,  and  its  spinous  por- 
tion taller  than  the  soft  part,  and  the  pelvic  fins  thoracic.  They 
are  represented  by  a  species  of  the  existing  genus  Zeus^  in  the  Mio- 
cene of  Sicily,  and  also  by  the  extinct  Cyttoides^  of  the  Lower  Eocene 
of  Glarus. 
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Family  CARANGiDit. — Of  great  interest  to  the  palaeontologist  are 
the  so-called  Horse-Mackerels,  on  account  of  the  beautiful  preserva- 
tion of  some  of  the  fossil  forms  in  the  Middle  Eocene  of  Monte 
Bolca.  The  body  is  more  or  less  compressed,  and  may  be  oblong 
or  deep,  and  either  with  or  without  scales.     The  dorsal  fin,  which 


Fig.  942. — Semiopkorus  velicans :  from  the  Middle  Eocene  of  Monte  Bolca.     a,  Anal ; 
c,  Caudal ;  d,  Dorsal ;  p,  Pectoral ;  v,  Pelvic  fins. 

may  be  single  or  divided,  has  the  spinous  smaller  than  the  soft 
part ;  and  the  pelvic  fins,  if  present,  are  thoracic.  One  of  the  most 
remarkable  extinct  genera  is  Semiophoms  (^%,  942),  in  which  the 
dorsal  fin  is  of  enormous  height,  while  the  pelvic  fins  are  also 
greatly  produced.  This  genus  is  known  only  from  the  Monte 
Bolca  Eocene.      Other  extinct  Tertiary  genera  are  Fseudovomer, 
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from  the  Miocene  of  Sicily ;  Amphistium  and  Ductor^  from  Monte 
Boica ;  Archmis  and  Piionemus^  from  the  Lower  Eocene  of  Glarus ; 
and  yEpichthys  and  Vomery  from  the  Chalk  of  Istria.  Among  exist- 
ing genera,  Fiatax  {fig.  943),  popularly  known  as  Sea-Bats,  from 
the  great  height  of  the  fins,  occurs  in  the  Red  Crag,  in  the  Monte 


Fig  94y.—Plaiajc  aitiuimus  ;  from  the  Middle  Eocene  of  Monte  Bolca.     Reduced. 

Bolca  Middle  Eocene,  and  in  the  Chalk  of  the  Lebanon  and 
England.  The  dorsal  fin  is  single,  and  the  spinous  portion  is 
nearly  entirely  concealed,  consisting  only  of  from  three  to  seven 
low  spines ;  the  jaws  are  remarkable  for  their  excessive  shortness. 
Other  living  genera  found  in  the  Monte  Bolca  beds  are  Zanclus^ 
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Caranx  {Carangopsis\  Argyriosus  (  Vomer\  Lichia^  and  Trachynotus  ; 
and  Equulay  from  the  Miocene  of  Sicily. 

Family  AcRONURiDiE. — The  last  family  of  the  Cottoscombri- 
form  section  comprises  tropical  marine  Fishes,  popularly  known  as 
Surgeons,  which  are  readily  recognised  by  the  sharp  spine  border- 
ing each  side  of  the  tail.  The  body  is  compressed,  and  oblong  or 
ovate,  with  small  scales;  the  front  of  the  jaws  has  chisel-like  or 
pointed  teeth;  and  the  dorsal  fin  is  undivided,  with  the  spinous 
portion  less  than  the  soft  This  family  is  represented  in  a  fossil 
state  by  species  of  the  existing  genera  Naseus  and  Acanthurus  from 
the  Middle  Eocene  of  Monte  Bolca. 

Family  TRiCHiURiDiE.  —  The  next  section  of  the  suborder  is 
represented  by  the  existing  Scabbard-fishes  and  the  extinct  Palao- 
rhynchida.  These  Fishes  are  characterised  by  their  elongated,  com- 
pressed, or  band-like  bodies,  furnished  with  long  dorsal  and  anal 
fins,  of  which  the  former  may  be  divided  into  a  number  of  finlets, 
somewhat  after  the  manner  of  the  Ganoid  genus  Polypterus,  All 
these  fishes  are  marine,  and  are  found  in  tropical  and  subtropical 
seas.  Species  of  the  existing  genus  Lepidopus  (Scabbard-fish)  occur 
in  the  Miocene  of  Sicily,  while  Hemithyrsites  and  Trichiurichthys^ 
of  the  same  deposits,  are  forms  allied  to  the  living  Thyrsites  and 
TrichiuruSy  but  differing  by  having  the  body  scaled.  Xiphapteryx 
is  another  extinct  genus  from  the  European  Eocene ;  while  Anen- 
chylum^  of  the  Lower  Eocene  of  Glarus,  resembles  Lepidopus  except 
for  the  presence  of  some  long  rays  in  the  pelvic  fins,  and  the  two 
are  probably  identical. 

Family  PALiEORHYNCHiDiE. — The  members  of  this  family  differ 
from  the  last  by  the  production  of  the  jaws  into  a  long  rostrum, 
which  is  either  edentulous  or  provided  with  very  small  teeth.  The 
dorsal  fin  occupies  the  whole  length  of  the  body,  and  the  anal  is 
also  elongated  and  reaches  nearly  to  the  forked  caudal.  This 
family  is  known  only  by  Hemirhynchus  from  the  Eocene  of  the  Paris 
basin,  and  Palceorhynchus  from  the  Lower  Eocene  of  Glarus. 

Family  XiPHiiDiE. — The  Sword-fishes,  which  are  of  pelagic  habits, 
and  generally  attain  very  large  dimensions,  are  characterised  by  the 
production  of  the  upper  jaw  into  a  long  spear-like  rostrum.  They 
are  represented  at  the  present  day  by  Xiphias  (fig.  944),  in  which 
pelvic  fins  are  wanting ;  and  HistiopkoruSy  in  which  these  organs  are 
long  and  filiform,  and  the  dorsal  fin  may  be  of  great  length  and 
height.  Fossil  Sword-fishes  from  the  London  Clay  have  been 
referred  to  HisHophorus  {Tetrapturus\  although  it  is  not  certain 
that  they  may  not  prove  generically  distinct.  The  genus  Codorhyn- 
chuSy  which  was  formerly  referred  to  this  family,  is  noticed  among 
the  Chimeroidei. 

Family  BERVCiDiE. — The  Berycidce  are  characterised  by  the  pres- 
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ence  of  mucous-bearing  cavities  in  the  head,  and  by  the  pelvic  fins 
having  (except  in  Monocentris)  a  single  spine,  and  more  than  five 
rays.  This  family  is  one  of  the  oldest  of  the  suborder,  being  abun- 
dantly represented  in  the  Chalk.  The  fossil  genera,  which  may  be 
noticed  in  alphabetical  order,  are  as  follows — ^viz.,  Acrogaster^  from 
the  Upper  Cretaceous  of  Westphalia ;  Berycopsis^  from  the  Creta- 


^^Z'  9^'—Xi^kias,    Greatly  reduced. 

ceous  of  England;  Beryx^  in  which  there  is  one  dorsal  fin  with 
several  spines,  is  represented  by  a  single  species  in  the  European 
Chalk,  and  by  two  species  in  the  Chalk  of  the  Lebanon,  while  it  is 
also  living  at  the  present  day;  Holocentrum^  from  the  Middle 
Eocene  of  Monte  Bolca,  the  Miocene  of  Malta,  and  tropical  seas 
of  the  present  day ;  HomonotuSy  from  the  Cretaceous  of  both  Eng- 
land and  the  Lebanon ;  Hoplopteryxi^g,  945)>  in  which  the  spinous 
portion  of  the  dorsal  fin  is  greatly  developed,  and  there  are  also  four 


^S*  ^i^^—Haplopteryx  Uwesiensis  ;  from  the  Upper  Chalk  of  Sussex.    Reduced. 
(After  Mantell.) 

large  spines  in  advance  of  the  anal,  is  known  from  the  Upper  Cre- 
taceous of  both  Europe  and  the  Lebanon ;  MyriprisHs^  from  the 
Middle  Eocene  of  Monte  Bolca,  and  now  found  in  tropical  seas ; 
Pristigenysy  from  Monte  Bolca ;  PseudoberyXy  from  the  Chalk  of  the 
Lebanon,  characterised  by  the  almost  abdominal  position  of  the 
pelvic  fins ;  SphenacephaluSy  from  the  Upper  Cretaceous  of  West- 
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phalia;  and  Stenostoma^  from  the  English  Chalk,  of  which  the 
affinity  is  somewhat  doubtful. 

Perciform  Section. — The  remaining  families  of  this  suborder 
are  characterised  by  their  more  or  less  compressed  body ;  by  the 
dorsal  fin,  or  fins,  occupying  the  greater  portion  of  the  back ;  by  the 
strong  development  of  the  spinous  part  of  the  dorsal  fin,  which  is 
at  least  as  long  as  the  soft  portion ;  and  by  the  soft  anal  correspond- 
ing to  the  soft  dorsal.     The  pelvic  fins  are  thoracic. 

Family  ScoRPiCNiDiE. — ^This  family,  which  i3  allied  to  the  fol- 
lowing, but  has  villiform  teeth,  is  known  in  a  fossil  state  only  by  a 
species  of  the  type  genus  Scorpana^  from  the  Eocene  of  Algeria. 

Family  Sparid^e.  —  The  Sea-Breams  resemble  the  Percoids, 
which  we  shall  notice  immediately,  in  general  appearance,  but  the 
mouth  is  either  provided  in  front  with  chisel-like  teeth,  or  on  the 
sides  with  molariform  ones.  All  of  them  inhabit  tropical  and  tem- 
perate seas.  Among  existing  genera  the  sphaeroidal  palatal  teeth  of 
Chrysophrys  occur  in  the  Red  Crag  of  Suffolk,  the  Miocene  of 
Malta,  and  in  beds  in  the  Canaries,  which  are  probably  referable  to 
the  same  epoch  ;  while  Sargus  is  recorded  from  the  Miocene  of 
France  and  Wiirtemberg,  the  Upper  Eocene  of  Algeria,  and  the 
older  Tertiary  of  New  Zealand  ;  and  Pagellus  occurs  in  the  Chalk  of 
the  Lebanon.  It  appears,  moreover,  that  many  of  the  crushing 
palatal  teeth  of  Chrysophrys  have  been  described  as  Spharodus^  while 
the  anterior  cutting-teeth  of  the  same  genus,  together  with  pharyn- 
geal teeth  of  some  of  the  Carps,  have  been  described  as  Capitodus. 


Fig.  946.— Skeleton  oi  S^modus  mtcracanthn* ;  from  the  Middle  Eocene  of 
Monte  Bolca.    Reduced 

Cutting-teeth  of  this  type,  described  under  the  latter  name,  occur  in 
the  Miocene  of  Austria  and  Silesia,  the  Pliocene  of  Italy,  and  the 
Eocene  of  Northern  India.  Sparnodus  (fig.  946)  is  an  extinct  genus 
from  the  Middle  Eocene  of  Monte  Bolca,  while  the  name  Stephan- 
odus  has  been  applied  to  a  genus  from  the  Upper  Chalk  of  the 
Sahara,  characterised  by  the  breadth  and  denticulated  edges  of  the 
cutting-teeth.    It  may  also  be  observed  that  teeth  from  the  European 
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Tertiaries  have  been  described  under  the  names  of  Sargodon,  Sorici- 
dens^  and  Astma, 

Family  CHiETODONTiDiE.  —  The  Coral-fishes,  or  Chsetodonts, 
differ  from  the  Percoids  in  the  greater  vertical  depth  of  the  body, 
by  the  continuation  of  the  scales  over  the  median  fins,  and  also  by 
the  lateral  line  stopping  short  of  the  caudal  fin.  Their  teeth  are 
bristle-like.  These  marine  tropical  fishes  (which  are  generally  de- 
scribed under  the  name  of  Squamipennes)  are  remarkable  for  the 
extreme  gorgeousness  of  their  colouring,  and  are  of  comparatively 
small  size.  They  are  represented  in  the  Middle  Eocene  of  Monte 
Bolca  by  the  existing  genera  Holacanthus^  Pomacanthus^  Ephippus^ 
Scatophagus^  and  Toxotes ;  the  latter  being  now  confined  to  the 
Oriental  and  Australian  regions.  The  earliest  Chaetodont  is  Platy- 
carmus^  of  the  Upper  Cretaceous  of  Westphalia. 

Family  PERCiDiE. — With  this  and  the  next  family  of  highly 
specialised  Fishes  we  come  to  the  end  of  the  existing  representa- 
tives of  the  present  suborder.  These  Fishes  are  characterised  by 
the  continuous  lateral  line  (fig.  947),  the  general  absence  of  scales 
from  the  median  fins,  the  conical  teeth,  and  the  absence  of  barbels. 
They  are  all  carnivorous,  and  inhabit  the  freshwaters  and  coasts  of 


Fig.  947.-1116  Common  Perch  {PercaflumatiUs).    Reduced. 

all  tropical  and  temperate  regions.  The  existing  genus  Perca  (Perch) 
occurs  in  the  Upper  Miocene  of  CEningen;  while  in  the  Upper 
Eocene  of  Aix  we  have  the  allied  but  extinct  Paraperca,  In  the 
Middle  Eocene  of  Monte  Bolc^,  we  find  species  referable  to  the 
existing  genera  Labrax  (Bass) ;  Lates^  now  inhabiting  the  Nile  and 
Ganges  ;  Dules^  of  the  Indo-Pacific  ;  Serranus  (Sea-Perch) ;  Apogon, 
of  the  Mediterranean  and  Atlantic ;  and  also  Therapon^  of  the  Indo- 
Pacific.  The  extinct  Cydopoma  and  Smerdis  (fig.  948)  likewise 
occur  in  the  same  deposits;  the  latter  being  also  found  at  Aix 
and  in  the  Miocene  of  Wiirtemberg.  Acanus  and  Podocys^  from 
the  Lower  Eocene  of  Glarus,  are  ♦  members  of  this  family,  which 
were  formerly  referred  to  the  Beryddce,  In  the  Eocene  of  North 
America   we   have  Mioplosus^   presenting   characters   common    to 
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Perca  and  Labrax ;  and  also  Plioparchus^  which  does  not  appear 
allied  to  any  existing  genus. 

Family  PRiSTiPOMAXiDiE. — This  family  includes  the  existing 
Pristipoma,  which  Dr  Giinther  refers  to  the  Perddce,  It  occurs 
fossil  in  the  Eocene  of  Monte  Bolca;  and  Dr  von  Zittel  would 
place  Scianurus^  of  the  London  Clay,  in  the  same  family. 

Families  APHRODEDiRiDiE  and  AsiNEOPiDit. — These  two  families 
are  proposed  by  Professor  Cope  for  the  reception  of  certain  North 
American  Eocene  Fishes  more  or  less  closely  allied  to  the  Percoids. 

The  first  family  includes 
the  genus  Aphrodedirus^ 
ErismatopteruSy  and 
Amphipiagaj  and  the 
second  Asineops,  Pro- 
fessor Cope  suggests 
that  PygctuSy  from  the 
Middle  Eocene  of 
Monte  Bolca,  should 
perhaps  be  included  in 

Fig.  948. — Skeleton  of  Smtrdis  minuta ;  from  the  Upper  _,  ▼ 

Eocene  of  Aix,  Provence.  SUBORDER  5.  LOPHO 

BRANCHii.  —  In  this 
small,  and  to  the  palaeontologist  unimportant,  suborder  the  gills 
are  reduced  to  small  round  lobes ;  the  gill-cover  has  only  one  large 
plate  ;  and  there  is  a  dermal  bony  skeleton  taking  the  place  of  the 
soft  integuments.     The  swim-bladder  has  no  duct 

Family  SoLENOSTOMAXiDiE. — The  skull  is  produced  into  a  long 
rostrum,  terminated  by  the  toothless  mouth.  The  gill-openings  are 
wide ;  there  are  two  dorsal  fins ;  and  all  the  others  are  well  developed. 
The  only  existing  genus  is  Solenostoma,  allied  to  which  is  So/eno- 
rhynchuSy  of  the  Italian  Eocene. 

Family  SYNGNAXHiDit. — The  Sea-horses  and  Pipe-fishes  differ 
from  the  preceding  family  by  the  small  gill-opening,  the  single 
dorsal  fin,  and  the  absence  of  the  pelvic  fins.  The  first  section, 
in  which  the  tail  is  not  prehensile,  includes  the  Pipe-fishes,  and  is 
represented  in  the  Miocene  of  Italy  and  the  Middle  Eocene  of 
Monte  Bolca  by  the  existing  genera  Syngnathus  and  Siphonostomay 
and  also  by  the  extinct  Calamostomay  which  is  allied  to  Hippo- 
campuSy  but  has  a  caudal  fin.  The  Sea-horses  do  not  appear  to  be 
represented  in  a  fossil  state. 

Suborder  6.  Plectognathi. — The  last  suborder  is  likewise  of 
small  extent,  and  is  characterised  as  follows.  The  skin  may  be 
naked,  or  covered  with  rough  scales,  scutes,  or  spines,  and  the 
skeleton  is  imperfectly  ossified.  There  is  a  small  opening  leading 
to  the  pectinate  gills  in  advance  of  the  pectoral  fin ;  the  bones  of 
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the  upper  jaw  are  generally  welded  together ;  there  is  a  soft  dorsal 
fin ;  but  the  pelvic  fins  are  either  in  the  form  of  spines  or  absent. 
There  is  no  duct  to  the  swim-bladder. 

Family  BalistiDvE. — The  File-fishes  and  Coffer-fishes,  which  are 
frequently  known  as  Sclerodermic  have  the  jaws  somewhat  produced, 
and  armed  with  a  small  number  of  teeth ;  the  skin  being  covered 
either  with  rough  scales  or  scutes,  and  traces  of  pelvic  and  spinous 
dorsal  fins  always  remaining.  Balistes  (File-fish)  is  characterised 
by  its  chisel-like  teeth,  admirably  suited  for  browsing  on  the  corals 
on  which  these  fishes  subsist.  Protobalistum^  of  the  Middle  Eocene 
of  Monte  Bolca,  is  supposed  to  be  an  ancestral  type  of  Balistes ; 
while  Protacanthodes^  of  the  same  deposits,  is  an  allied,  but  distinct 
form.  The  Lower  Eocene  of  Glarus  has  yielded  the  extinct  Acan- 
thoderma  and  Acanthopleurus,  which  are  likewise  regarded  as  allied 
types;  while  Gfyptocephalus,  of  the  London  Clay,  differs  fi-om 
Balistes  by  the  regular  rows  of  tubercles  with  which  the  body  is 
covered.  Ostracion  (Coffer-fish),  in  which  the  body  is  invested  by 
a  carapace  of  hexagonal  scutes  articulating  by  their  edges,  is  now 
abundant  in  subtropical  and  tropical  seas,  and  appears  for  the  first 
time  in  the  Middle  Eocene  of  Monte  Bolca. 

Family  Diodontid^e. — In  the  Globe-  and  Sun-fishes  (the  Gymnod- 
ontes  of  many  writers)  the  body  is  more  or  less  shortened ;  the 
bones  of  the  jaws  are  united  into  a  trenchant  beak,  with  or  without 
a  median  suture ;  and  there  are  no  spinous  dorsal,  or  pelvic  fins. 
The  dentition  is  in  the  form  of  laminated  dental  plates.  Among 
the  Globe-fishes,  in  Tetrodon^  of  which  no  fossil  forms  have  been  de- 
scribed, the  dental  plates  are  trenchant,  and  confined  to  the  margins 
of  the  jaws.  In  Diodon^  however,  in  addition 
to  these  alveolar  plates,  there  is  a  median  crush- 
ing-plate (fig.  949),  traversed  by  a  suture,  de- 
veloped on  the  palate  of  each  jaw.  The  ob- 
liquity of  the  component  laminae  of  these  plates 
causing  an  admirable  triturating  surface.  Fossil 
palatal  plates  of  this  genus  are  found  in  the 
Miocene  of  Malta  and  Sicily,  in  the  Middle       _.  „ 

Eocene  of  Monte  Bolca,  and  also  m  the  dental  pUie  of  Dtod4m 
Eocene  of  Algeria  and  the  Arakan  coast.  The  of  M^iiJ'""*  '***  "^'^^ 
extinct  Entuodon  is  an  apparently  allied  genus 
from  the  Italian  Tertiary.  Finally,  the  huge  pelagic  Sun-fishes  of 
the  genus  Orthagpriscus^  in  which  the  body  is  compressed  and  very 
short,  the  vertical  fins  are  confluent,  and  the  tail  truncate,  occur  in 
a  fossil  state  in  the  Lower  Miocene  or  Upper  Eocene  of  Belgium. 
The  alleged  occurrence  of  this  genus  in  the  English  Chalk  is,  how- 
ever, based  on  a  misinterpretation. 

At   the  conclusion   of  this  order  we  may  mention   the  genus 
VOL.  n.  I . 
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Andstrodon^  founded  upon  detached  teeth  from  the  Chalk  of 
France ;  similar  teeth  also  occurring  in  the  Cretaceous  of  Texas. 
These  teeth  are  generally  regarded  as  pharyngeal  teeth  of  Teleostei, 
although  it  has  been  suggested  that  they  may  prove  to  be  anterior 
teeth  of  Pycnodont  Ganoids. 
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CHAPTER     LI. 
CLASS   AMPHIBIA, 

GENERAL  STRUCTURE  AND  ORDERS. 

The  Amphibia,  which  comprise  the  Frogs  and  Toads,  Salamandroids, 
Caecilians,  and  the  extinct  Labyrinthodonts,  and  are  sometimes 
known  as  the  Batrachia,  agree  in  so  maiiy  points  of  structure  with  the 
more  generalised  Fishes,  that  Professor  Huxley  groups  the  two  classes 
together  under  the  common  name  of  Ichthyopsida.  Recent  observa- 
tions on  fossil  forms,  tend,  however,  to  show  in  the  other  direction 
a  transition  from  the  Amphibia  to  the  more  generalised  Reptilia. 
The  Amphibia  as  a  whole  differ  from  Fishes  mainly  by  the  circum- 
stance that  when  median  fins  are  present  they  are  devoid  of  fin- 
rays  ;  and  that  the  limbs,  when  present,  contain  the  same  skeletal 
elements  as  those  of  the  higher  classes.  They  agree  with  Fishes  in 
having  branchiae  in  their  earlier  stages  of  life,  but  these  very  fre- 
quently disappear  in  the  adult,  when  respiration  is  carried  on  entirely 
by  means  of  the  lungs.  An  epidermal  exoskeleton  is  generally 
wanting.  There  is  no  amnion,  and  at  best  but  an  imperfect  allantois 
in  the  embryo.  In  existing  forms  the  cranium  always  articulates  to 
the  vertebral  column  by  two  distinct  exoccipital  condyles,  but  in  a  few 
Labyrinthodonts  these  were  not  ossified.  The  mandible  articulates 
to  the  cranium  without  the  intervention  of  a  suspensorium  ;  so  that 
the  skull,  like  that  of  the  Dipnoid  Fishes,  is  autostylic.  A  large  para- 
sphenoid  is  always  present ;  and  cranial  bones  are  largely  developed, 
although  their  number  is  generally  less  than  in  Fishes.  The  external 
nares  are  terminal  in  nearly  all  cases.  The  vertebral  column  is 
more  or  less  completely  ossified,  and  can  generally  be  differentiated 
into  cervical,  dorso-lumbar,  sacral,  and  caudal  regions ;  the  sacrum 
but  rarely  comprising  more  than  a  single  vertebra.  The  infraneural 
segments  of  the  vertebral  column  are  frequently  amphicoelous,  and 
in  recent  forms  each  bears  its  own  arch ;  but  in  certain  Labyrintho- 
donts, as  we  shall  see  below,  the  neural  arches  are  carried  by  alter- 
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nate  vertebral  segments,  and  from  circumstances  to  be  detailed  in 
the  sequel  it  is  inferred  by  Professor  Cope  and  others  that  the  verte- 
bral bodies  of  existing  Amphibians  are  really  intercentra,  carrying 
the  neural  arches  which  have  been  shifted  to  them  from  the  lost 
centra.  The  ribs  may  articulate  to  the  vertebra  by  a  single  (upper) 
transverse  process ;  but  in  Salamandroids  and  Labyrinthodonts  the 
vertebrae  also  carry  an  inferior  rib-facet,  when  the  heads  of  the  ribs 
are  consequently  double.  As  a  rule  no  ribless  (lumbar)  vertebrae 
occur,  and  sternal  ribs  are  wanting.  The  sternum,  which  is  never 
present  in  Fishes,  appears  in  the  Amphibia  in  the  middle  line  of 
the  chest,  and  may  be  extended  anteriorly  as  an  omo-  and  epi- 
stemum  {fig,  974,  b).  The  pectoral  and  pelvic  girdles  are  well 
developed ;  the  former  (ih'd,)  in  recent  forms  having,  however,  no 
clavicle  or  interclavicle,  although  it  is  nearly  certain  that  these  bones 
are  represented  in  the  thoracic  buckler  of  the  Labyrinthodonts.  A 
distinct  rod-like  precoracoid  (fig.  974,  b)  occurs  in  recent  forms.  In 
the  pelvis  the  pubis  is  frequently  unossified,  and  if  ossified  is  much 
smaller  than  the  ischium.  In  most  cases  the  ischium  and  the  car- 
tilaginous or  bony  pubis  of  either  side  unite  to  form  a  continuous 
plate,  in  which  the  obturator  foramen  is  not  represented,  although 
there  is  a  small  perforation ;  and  the  ischia  meet  in  a  ventral  symphy- 
sis. The  body  of  the  ilium  may  be  almost  wholly  in  advance  of  the 
acetabulum.  The  limbs  vary  greatly  in  their  proportionate  length 
in  the  different  orders,  and  may  be  entirely  absent ;  while  the  carpals 
and  tarsals  may  be  unossified-  The  limb  bones  of  the  Labyrinth- 
odonts approximate  to  those  of  the  Anomodont  Reptiles.  The 
carpus  and  tarsus  always  have  a  centrale,  and  in  some  of  the  primit- 
ive Labyrinthodonts  there  may  be  at  least  three  centralia  in  the 
latter.  The  fourth  and  fifth  tarsalia  always  remain  distinct  from 
each  other  in  those  forms  which  have  five  digits.  The  latter  number 
is  found  in  the  Labyrinthodonts,  but  in  some  existing  forms  the 
digits  may  be  reduced  to  three  or  two.  The  number  of  the 
phalangeals  in  the  digits  of  pentedactylate  forms,  counting  from 
the  first  to  the  fifth,  does  not  exceed  2,  2,  3,  3,  3,  and  this  num- 
ber may  be  reduced  in  some  existing  forms.  As  a  rule  the  tail 
is  comparatively  short 

Teeth  are  usually  present  on  the  premaxilla,  maxilla,  vomer,  and 
the  dentary  bone  of  the  mandible ;  but  are  generally  wanting  on 
the  palatine  and  pterygoid,  although  present  on  the  latter,  and  also 
on  the  parasphenoid,  in  many  Labyrinthodonts.  These  teeth  are 
usually  anchylosed  to  the  bone,  and  in  existing  forms  are  of  simple 
structure.  In  the  Labyrinthodonts  the  structure  of  the  teeth  may, 
however,  become  very  complex  by  foldings  of  the  dentine,  this 
structure  being  an  extreme  development  of  that  met  with  in  certain 
Ganoids ;  and  in  some  of  these  forms  the  usually  large  pulp-cavity 
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may  be  greatly  reduced.  In  existing  forms  there  is  generally  no 
exoskeleton,  and  if  scutes  or  scales  are  developed  they  are  buried 
in  the  skin ;  but  in  the  Labyrinthodonts  bony  scutes  were  very 
generally  present,  although  frequently  restricted  to  the  ventral  aspect 
of  the  body. 

A  marked,  although  not  universal,  feature  in  the  class  is  the 
change  from  a  respiration  by  gills  to  one  by  lungs ;  this  change 
being  accompanied  by  other  structural  alterations,  and  termed  a 
metamorphosis.  In  some  instances  only  external  gills  are  developed, 
which  form  a  plume  on  either  side  of  the  neck ;  and  it  is  these  gills 
which  persist  in  such  forms  as  do  not  undergo  a  metamorphosis. 
In  those  groups,  however,  in  which  a  metamorphosis  takes  place 
internal  gills  may  be  developed  for  a  short  period. 

That  the  Amphibia  have  taken  their  origin  from  primitive  Fishes 
allied  to  the  Dipnoi  and  Ganoidei  is  pretty  evident.     Evidence  of 


Fi^.  9C0. — Enlarged  view  of  the  upper  surface  of  the  cranium  of  Prvtriton^  with  the  charac- 
teristic LabyTinthodont  bones  shaded ;  from  the  Permian  of  Bohemia.    Ny  Nasal ;  F^  Frontal  : 


P.th   Parietal;  S.O^   Supraoccipital ;   f./,  Epiotic;  S.T.,   Supratemporal ;   S.g^  Squamosal; 

/»././  Postfrontal;    r I*,  Jugal:    Z*.^.^  Postorl'    ■        •        ~  '    *-     ^• 

Quadratojugal ;  Q^  Quadrate.    (After  Fritsch.) 


P.t./.  Postfrontal;  "rw/jugalf    P.t.q,  J^bstdrbital';    / //r, '  Premaxilla';    M'.S^   Maxilla:    QJ ^ 
'       *     '^,  Qua'  '"^     w<  .     .  V 


affinity  with  the  primitive  Ganoids  is  indeed  very  clearly  shown  by 
the  so-called  labyrinth ic  structure  of  the  teeth  of  nearly  all  the 
Palaeozoic  Amphibia,  since  we  find  a  similar  type  of  dental  structure 
obtaining  in  many  of  the  early  Ganoids,  and  nowhere  else  in  the 
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whole  animal  kingdom.  The  similarity  in  the  structure  of  the 
vertebral  column  of  the  earlier  Elasmobranch  and  Ganoid  Fishes 
with  that  of  the  Labyrinthodont  Amphibians  is  also  important 
evidence  pointing  in  the  same  direction. 

This  class  may  be  divided  into  the  four  orders,  Labyrinthodontia, 
Apoda,  Ecaudata,  and  Caudata.  The  first  is  totally  extinct,  the 
second  is  at  present  unknown  before  the  existing  epoch,  while  we 
have  no  certain  record  of  the  occurrence  of  the  third  before  the 
Cretaceous,  and  of  the  fourth  previously  to  the  Tertiary. 

Order  I.  Labyrinthodontia. — Since  the  name  of  this  order  is 
not  strictly  applicable  to  all  its  members  it  has  been  proposed  to 
substitute  the  term  Stegocephala ;  but,  as  the  same  objection  might 
be  taken  to  a  large  number  of  terms  in  use,  such  a  change  seems 
unnecessary.  Using,  then,  the  Labyrinthodontia  as  including  the 
Ganocepbala  and  Microsauria  of  some  writers,  its  members  may  be 
characterised  by  t^e  following  features.  The  body  is  more  or  less 
elongated,  and  furnished  with  a  tail ;  the  skull  has  paired  supraocci- 
pitals  (fig.  950,  S.0),  and  its  postero-lateral  regions  are  roofed  over 
by  a  postorbital  {PJ.o)  anteriorly,  and  a  supratemporal  (5.  T)  poste- 
riorly. There  is,  moreovei  very  generally  an  epiotic^  {^'P)'>  the 
orbits  frequently  have  a  bony  ring  in  the  sclerotic ;  and  there  is  a 


T^.  951.— Ventral  aspea  of  the  thoracic  buckler  of  Actinodon  Frossardi ;  from  the  Permian 
of  France ;  two-fifths  natural  size.  /»/,  Interclavide ;  r/,  Clavicle ;  s.c/,  Supraclavide ;  c, 
Scapnla      (After  Gaudry.) 

parietal  foramen.  Palatine  and  vomerine  teeth  are  very  generally 
present,  and  the  dentine  of  the  teeth  is  frequently  more  or  less 
folded,  or  plicated,  from  the  sides.  The  centra  of  the  vertebrae, 
which  are  amphicoelous,  may  be  imperfectly  ossified,  and  frequently 
retain  a  notochordal  canal  in  the  middle.  Usually  there  is  a  buckler 
on  the  inferior  surface  of  the  thorax,  consisting  of  one  median,  and 
two  lateral  flattened  bones,  probably  representing  the  interclavide 
and  clavicles ;  the  relations  of  these  bones  being  shown  in  fig.  951. 

^  Dr  Banr  regards  this  bone  as  the  opisthotic ;  and  also  considers  that  the 
boDc  here  termed  the  squamosal  is  the  supratemporal,  and  vice  versd. 
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Posteriorly  to  this  thoracic  buckler  an  armour  of  dermal  scutes  is 
generally  developed  on  the  ventral  surface  of  the  body;  and  in  some 
cases  this  armour  may  cover  the  entire  body,  the  form  of  the  scutes, 
or  scales,  then  varying  considerably  in  the  different  regions.  Four 
paired  pentedactylate  limbs  were  usually  present. 

The  pterygoids  are  always  separated  from  one  another  in  the 
median  line.  The  pelvis  ^  of  the  more  typical  forms  is  remarkably 
like  that  of  the  Pariasaurian  Anomodont  Reptiles,  presenting  the 
same  absence  of  an  obturator  foramen. 

The  paired  supraoccipital  ossifications  constitute  a  feature  found 
elsewhere  only  among  the  Ganoid  Fishes ;  and  the  frequent  ossifi- 
cation of  the  articular  bone  of  the  mandible  is  also  a  character  not 
found  elsewhere  in  the  class.  In  many  cases  the  external  surface 
of  the  bones  of  the  skull  {fig.  952),  and  of  the  thoracic  buckler,  is 


Fig.  953.— Lateral  view  of  the  imperfect  left  ramus  of  the  mstnd\h\c  of  PM'Ay/i:iemia  incurvata; 
from  the  Lower  Mesozoic  of  India.    The  letters  indicate  mucous  canals.    (After  Huxley.) 

sculptured  by  a  series  of  irregular  grooves  and  ridges ;  traversed  in 
the  former  instance  by  a  number  of  mucous  canals.  From  the 
occurrence  of  a  similar  sculpture  in  the  Pariasaurian  Anomo- 
donts  and  the  Crocodilians,  Professor  Seeley  regards  these  groups 
as  directly  descended  from  Lab>Tinthodonts ;  and  it  is  evident  that 
the  passage  from  the  Labyrinthodonts  to  the  former  group  of  Rep- 
tiles is  almost  a  complete  one.  The  gills  (fig.  953)  of  the  young 
are  generally  lost  in  the  adult ;  but  in  one  group  the  extemd  gills 
persist. 

Labyrinthodonts  range  in  Europe  generally  from  the  Carboniferous 
to  the  Trias,  and  are  especially  abundant  in  the  Permian  ;  but  one 
genus  {Rhinosaurus)  persisted  to  the  Lower  Jurassic.  In  North 
America  and  India  this  order  is  abundantly  represented  in  strata 
mainly  representing  the  period  from  the  Carboniferous  to  the  Trias. 
According  to  the  views  of  Professor  Cope  and  Dr  Fritsch,  this  order 
is  to  be  regarded  as  one  presenting  generalised  characters,  some  of 
which  approximate  to  those  of  modern  Amphibia,  while  others  are 

"  It  should  be  observed  that  in  the  figure  of  the  pelvis  of  Eryops  given  in 
Zittel's  *Palaeontologie,*  abth.  i.,  vol.  iii.,  pt.  ii.,  p.  364,  fig.  351,  the  hinder  end 
of  the  ischium  is  mistaken  for  the  pubis. 
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Reptilian ;  and  we  may  probably  regard  the  Anomodont  Reptiles 
as  having  taken  their  origin  from  a  group  closely  allied  to  the  Laby- 
rinthodonts,  if  not  actually  from  this  order.  As  regards  the  sub- 
divisions of  the  order  there  is  still  considerable  uncertainty,  and  all 
such  divisions  must  consequently  be  regarded  as  more  or  less  pro- 
visional. Dr  Fritsch  has,  indeed,  proposed  to  range  the  families 
under  four  series  or  suborders,  according  to  the  external  contour  of 
the  body  and  the  nature  of  the  vertebral  column ;  this  grouping 
being  provisionally  adopted  in  the  present  work,  with  some  emenda- 
tion of  nomenclature. 

Suborder  i.  Branchiosauria. — In  this  suborder  the  external 
appearance  approaches  that  of  the  modem  Salamanders.  The  ver- 
tebrae have  centra  composed  of  a  single  piece,  which  retains  traces 
of  the  notochord ;  the  ribs  are  short  and  straight ;  and  the  neural 
canal  is  dilated  in  the  middle  of  each  vertebra.  The  teeth  are 
simple  in  structure,  and  internal  gills  were  developed  in  the  young. 
Some  authorities  include  the  next  two  groups  in  the  present  sub- 
order under  the  name  of  Lepospondyli. 

Family  PROTRixoNiDiE. — The  Branchiosaurida  of  Dr  Fritsch, 
being  founded  on  a  name  which  is  apparently  a  synonym,  may  be 
better  known  as  the  Protritonida,  They  are  characterised  by  the 
great  breadth  of  the  skull  (fig.  950),  ajnd  the  smooth  teeth.  Typi- 
cally the  palatines,  according  to  Dr  Credner,  are  small  transversely 
elongated  bones  lying  in  the 
anterior  part  of  the  skull,  and  ^. 
not  joining  the  maxillse;  this 
arrangement  being  similar  to 
that  found  in  the  Ecaudata. 
The  type  genus  Protriton 
(Branchiosaurus  or  Pleuron- 
ura)  is  found  abundantly  in 
the  Permian  of  the  Continent ; 
and  its  development  has  been 
fully  worked  out  by  Dr  Cred- 
ner from  the  study  of  a  large 
number  of  specimens  of  all 
ages.  The  specimen  shown 
in  fig.  953  exhibits  the  nearly 
entire  skeleton  of  a  small  individual,  while  the  details  of  the  cra- 
nial structure  are  exemplified  in  the  greatly  enlarged  skull  shown 
in  fig-  9.'50. 

According  to  the  observations  of  Dr  H.  Credner,  it  appears  that 
the  youngest  specimens  known  were  25  mm.  in  length,  in  which  stage 
the  creature  was  aquatic,  and  breathed  by  gills,  which  were  supported 
by  four  pairs  of  arches.    By  the  time  they  attained  a  length  of  from  60 


Fig.  953.— Ventral  aspect  of  the  nearly  entire 
skeleton  of  a  young  individual  of  Protriton 
petrolei;  from  the  Permian  of  France.  (After 
Gaudry.) 
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to  70  mm.,  these  larvae  cast  their  gills,  and  became  air-breathers  ;  their 
development  being  thus  analogous  to  that  of  the  existing  Salamanders. 
The  adults  measure  from  100  to  160  mm.  In  the  course  of  the  meta- 
morphosis the  skull  decreases  somewhat  in  width,  and  the  thoracic 
buckler  grows  much  more  rapidly  than  the  scapula  and  coracoid,  while, 
curiously  enough,  the  pelvis  shifts  its  position,  and  thus  increases  the 
number  of  presacral  vertebrae  from  20  to  26.  In  the  larva  the  under- 
side of  the  body  is  naked  (fig.  953),  but  in  the  adult  there  is  a  complete 
armour  of  bony  scutes  on  this  aspect. 

Other  genera  of  which  some  may  perhaps  be  included  in  this 
family  are  Amphibamus^  from  the  Carboniferous  of  Illinois ;  Pelian^ 
from  that  of  Ohio;  Batrachiderpetan^  from  the  Carboniferous  of 
Britain ;  Hylerpeton^  from  that  of  Nova  Scotia ;  Dawsonia^  from 
the  Permian  of  Bohemia ;  and  Sparodus^  from  the  latter  deposits. 
Batrachiderpeton  is  remarkable  for  the  absence  of  maxillary  teeth, 
and  the  clustering  of  the  palato-vomerine  teeth ;  Sparodus  present- 
ing the  latter  feature,  but  retaining  the  maxillary  teeth.  The  pala- 
tines of  the  latter  genus  are  splint-like  bones  interposed  between  the 
vomers  and  maxillae. 

Family  APAXEONiDiE. — In  this  family  the  skull  (fig.  954)  is  tri- 
angular and  comparatively  narrow,  while  the  teeth  are  marked  by 
small  grooves  at  their  summits.  The  type  genus  Apateon  is  found 
in  the  Carboniferous  rocks  of  Germany,  while  the  allied  Melanerpeton 
is  from  the  Permian  of  Bohemia.  An  enlarged  view  of  the  dorsal 
aspect  of  the  skull  of  the  latter  genus  is  shown  in  fig.  954,  the  reten- 
tion of  the  internal  gills  indicating  that  it  belonged  to  an  immature 
individual. 

Suborder  2.  Aistopoda. — In  this  remarkable  group  the  body 
has  a  snake-like  form,  with  well-developed  ribs,  but  probably  with- 
out either  pectoral  or  pelvic  girdles  or  limbs.  The  teeth  are  not 
folded;  and  Dr  Fritsch  considers  that  the  external  gills  persisted 
throughout  life. 

Family  DoLiCHOSOMAXiDiE. — This  family,  which  is  equivalent  to 
both  the  Pkgothonida  and  Molgophida  of  Professor  Cope,  is  repre- 
sented in  the  Carboniferous  of  Britain  and  the  Permian  of  Bohemia 
by  Dolichosoma  and  Ophiderpeton,  In  the  former  the  skull  is  long 
and  narrow,  with  no  sculpture  on  the  bones,  and  it  is  probable  that 
the  body  was  entirely  naked ;  but  in  the  latter  the  skull  may  have 
been  shorter,  and  there  was  an  armour  on  both  surfaces  of  the 
body,  the  scutes  on  the  ventral  side  being  long  oat-like  splints, 
while  those  on  the  back  were  rounded  and  shagreen-like.  The 
ossified  gill-supports  were  furnished  with  small  enamel-like  denti- 
cules.  One  of  the  species  of  Dolichosoma  attained  a  length  of  about 
two  feet  .PUgethontia  and  Molgophis^  from  the  Carboniferous  of 
Ohio,  appear  to  be  nearly  related.  Paiaosiren^  from  the  Permian 
of  Bohemia,  is  a  gigantic  form  provisionally  included  in  this  family, 
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of  which  the  length  is  estimated  at  forty-five  feet ;  while  Adenoderma 
of  the  same  deposits  may  indicate  a  distinct  family. 

From  the  many  resemblances  presented  by  the  DoUchosomatidcB 
to  the  existing  Apoda,  Dr  Fritsch  considers  it  probable  that  they 
must  be  regarded  as  nearly  related  to  the  ancestral  forms  from  which 
that  group  has  been  derived. 

Suborder  3.  Microsauria. — The  Labyrinthodonts  included  in 
this  suborder  resemble  Lizards  in  outward  appearance,  and  have 
the  centra  of  the  vertebrae  more  or  less  elongated,  and  long,  curved 
ribs. 

Family  UROCORDVLiDiE. — ^This  family — the  Nectridea  of  Professor 
Miall  and  the  Ptyoniida  of  Professor  Cope — comprises  stout,  long- 


it^ 


^-  ^54-— Upper  surface  of  the  skull  of  Meltuurpeton  ^usillum;  from  the  Permian  of  Bohe- 
mia: sax  times  natural  sise.  B^  Branchiae;  0.x.,  supra-occipital;  other  letters  as  in  fig.  950. 
(After  Fritsch.) 

tailed  forms,  in  which  the  epiotic  cornua  of  the  skull  are  much  pro- 
duced ;  the  cranial  bones  are  pitted ;  the  neural  spines  and  chevrons 
of  the  caudal  vertebrae  are  much  dilated  at  their  extremities  and 
pectinated ;  and  caudal  ribs  are  wanting.  The  type  genus  Uro- 
cordyhiSy  as  well  as  Ceraterpeton^  occurs  in  the  Carboniferous  of 
Britain  and  Ohio,  and  also  in  the  Permian  of  Bohemia ;  one  species 
of  the  former  attaining  a  length  of  about  twenty  inches.  Lepterpeton 
is  characteristic  of  the  Carboniferous  of  Britain  and  Ohio ;  other 
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genera  from  the  latter  deposits  being  Ptyonius^  CEstocephalus^  By- 
phasma^  and  probably  Sauropleura. 

Family  LiMNERPEXiDiE. — In  the  one  genus  Limnerpetofty  of  the 
Permian  of  Bohemia,  the  naked  body  is  more  elongated  and  the  tail 
shorter  than  in  the  preceding  family;  the  skull  being  broad  and 


F'K-  955-—  Setieya  pusilla ;  from  the  Permian  of  Bohemia,  a,  Under  Kur&ce  with  scutes  re- 
mov^  on  the  left  side ;  and  b,  Right  lateral  view  of  the  skeleton  of  the  caudal  region.  Enlarged. 
(After  Fritsch.) 

Frog-like,  with  smooth  bones ;  and  the  upper  and  lower  processes 
of  the  caudal  vertebrae  simple.  The  teeth  are  small,  with  their  sum- 
mits either  smooth  or  folded. 
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Family  HvLOPLESiONiDiB. — This  family  is  readily  recognised  by 
the  somewhat  narrow  head,  the  smooth  cranial  bones,  and  the  en- 
velopment of  the  whole  body  (fig.  955,  a)  in  an  annour  of  scutes. 
The  caudal  ribs  (fig.  955)  are  well  developed.  It  comprises  the 
\S^ti2i  Byioplesion^  Seeleya  (fig.  955),  Ricnodon^  and  Orthocosta,  from 
the  Permian  of  Bohemia.  Hylonomus  and  Smilerpeton^  from  the 
Carboniferous  of  Nova  Scotia,  are  imperfectly  known  forms  which 
may  belong  to  the  same  family,  in  which  case  the  name  HylonomidcB 
might  be  adopted.     All  the  species  are  of  small  size. 

Family  MiCROBRACHiDiE. — ^This  family  includes  small  slender 
fomis,  with  short  pectoral  limbs,  strongly  sculptured  cranial  bones, 
and  scutes  covering  the  entire  body.  The  type  genus  Microbrachis 
occurs  in  the  Permian  of  Bohemia,  and  has  a  long  narrow  skull. 
Three  species  are  known.  Another  representative  of  this  family  is 
Tuditanus,  of  the  Carboniferous  of  Ohio,  characterised  by  its  broad 
and  expanded  skull.  Cocytinus^  of  the  same  deposits,  may  be  pro- 
visionally placed  in  this  family. 

Suborder  4.  Labyrinthodontia  Vera. — ^The  genera  included 
in  this  group  are  characterised  by  their  Crocodile-like  bodies ;  the 
disk-like  centra  of  the  vertebrae,  when  these  are  fully  ossified ;  by 
the  vertebral  column  being,  at  least  in  the  young,  very  generally  of 
the  types  known  as  rhachitomous  and  embolomerous ;  by  the  teeth 
being  more  or  less  folded ;  and  by  the  outer  surface  of  the  skull 
bearing  a  more  or  less  strongly-marked  sculpture,  frequently  accom- 
panied by  the  presence  of  the  so-called  mucous  canals.  Some 
authorities  divide  this  group  into  the  Temnospondyli  and  Stereo- 
spondyiiy  according  to  the  incomplete  or  complete  ossification  of  the 
vertebral  centra ;  but  Dr  Fritsch  regards  the  whole  series  as  con- 
stituting a  single  group — a  view  which  is  supported  by  the  cir- 
cumstance that  in  many  of  those  forms  in  which  the  vertebrae  are 
fully  ossified  in  the  adult,  in  the  young  stage  their  ossification  is 
incomplete. 

Before  proceeding  further  it  will  be  advisable  to  briefly  consider 
the  nature  of  the  above-mentioned  types  of  vertebral  structure.  In 
certain  genera  like  Diplospondylus'^  (Dipiovertebron)  and  Cricotus 
each  caudal  vertebra  consists  of  an  anterior  centrum  carrying  the 
neural  arch,  and  a  posterior  intercentrum  to  which  the  chevrons  are 
united  These  intercentra,  according  to  the  views  of  Professor  Cope, 
correspond  with  the  chevron  -  bearing  intercentra  of  Ckpsydrops 
among  the  Anomodont  Reptilia,  and  the  wedge -bones  of  Sphen- 
odon  among  the  Rhynchocephalians ;  this  type  of  structure  being 
known  as  the  embolomerous.  In  the  trunk  vertebrae  of  other  genera 
like  Trimerorhachis  (fig.  957)  and  Archegosaurus  each  vertebra  (fig. 

^  This  name  has  been  proposed  in  lieu  of  the  hybrid  Diplavertehron, 
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956)  consists  of  four  portions — viz,,  a  basal  intercentrum  (hypo- 
centrum),  a  pair  of  pleurocentra,  and  a  neural  arch.  In  this  rAa- 
chitomous  type  Professor  Cope  regards  the  pleurocentra  as  repre- 
senting the  centrum  of  the  em- 
bolomerous  type,  since  they  both 
carry  the  arch;  and  as  he  finds 
that  the  functional  centra  in  other 
forms,  like  Chelydosaurus^  appar- 
ently correspond  to  the  intercentra 
of  Archegpsaurus^  while  the  pleuro- 
centra are  small  and  apparently 
about  to  disappear,  it  is  argued 
that  in  other  Amphibia  the  real 
centra  are  totally  wanting,  and 
the  vertebral  bodies,  which  in  the 
caudal  region  have  the  chevrons 
united  to  them,  are  really  inter- 
centra, to  which  the  neural  arches  have  been  shifted.  Professor 
Cope  regards  the  rhachitomous  and  embolomerous  structures  as  char- 
acters of  at  least  family  value ;  but  Dr  Fritsch  considers  that  the  two 
types  occur  in  different  regions  of  one  and  the  same  species,  as  we 


Fig.  956. —  Diagram  of  a  rhachttomoiw 
verteora;  from  the  front  and  left  side.  i. 
Pleurocentra ;  2,  Intercentrum ;  </,  Neural 
spine.    (After  Fritsch.) 


Fig.  9157. — Parts  of  skull  and  vertebral  column  of  Trimerorkachis  intignixl  from  the  Permian 
of  North  America.  ^  a,  Basi-  and  exoccipitals ;  b^  r,  Lateral  and  posterior  view  of  angle  of 
mandible  ;  </,  e^  Portions  of  vertebral  column  depressed  by  pressure ;  <*,  Intercentra ;  /,  Pleuro- 
centra.   (After  Cope.) 

know  to  be  the  case  in  some  of  the  Ganoid  Fishes  {supra^  P*  959)9 
where  we  find  in  Eurycormus  and  Aspidorhynchus  a  rhachitomous 
type  of  vertebrae  in  the  cervical  and  dorsal  regions,  and  an  embol- 
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omerous  type  in  the  caudal.  An  excellent  example  of  the  rhachitom- 
ous  type  of  vertebra  is  shown  in  fig.  960,  the  pleurocentra  being 
omitted. 

It  should  be  observed  that  this  interpretation  of  the  homology  of 
the  rhachitomous  vertebra  is  not  accepted  by  Mr  Hulke. 

Family  ARCHEGOSAURiDiC. — The  well-known  genus  Archego- 
sauruSy  ranging  in  Europe  from  the  Carboniferous  to  the  Permian, 
may  be  taken  as  the  type  of  a  family,  which  for  the  present  may 
include  most  of  those  forms  in  which  the  dorsal  vertebrae  are  of  the 


Fig.  958.— Upper  surface  of  the  cran 
ium  of  ArcA^tamrtu;  from  the  Car* 
boniferous.  Reduced.  Pmx^  Premax* 
ilU:  Mx,  Maxilla:  Na,  Nasal;  La, 
Lachrrmal;  Fr,  Frontal;  PF,  Pre- 
frontal ;  /*«,  Parietal ;  PtF,  Postfrontal ; 
PtO,  Postorbtul ;  7k,  Jugal ;  OT,  Quad- 
ratojugal :  Sq,  S<^uainosal ;  Si,  Supra* 
temporal ;  Ep,  Epiotic ;  SO,  Supraoccip- 
hal.    (AfkerMiah.) 


Fig.  959.— Upper  aspect  of  the 
right  carpus  ot  Eryo^;  from  the 
Permian  of  North  America.  Re- 
duced. R,  Radius;  Uj  Ulna; 
r.  Radiale ;  «,  Intermedium ;  «, 
Ulnare ;  c l,  c»,  c*,  Centralia ; 
Carpalia;  i.-v.,  Metacarpals 

fter  Baur  ) 
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rhachitomous  type  throughout  life.  Its  members  have,  indeed, 
been  split  up  into  the  Melosaurida,  Trimerorhachiday  and  Eryo- 
pida ;  but  the  observations  of  Dr  Fritsch  indicate  that  for  the 
present  at  least  such  divisions  are  not  definable.  According  to  the 
last-named  authority  this  family  may  be  characterised  as  including 
Labyrinthodonts  of  medium  dimensions;  having  cylindrical  teeth 
of  varying  size,  in  which  the  folding  of  the  dentine  is  comparatively 
slight ;  the  upper  surface  of  the  skull  being  pitted ;  the  supraoccip- 
itals  ridged ;  and  the  trunk  vertebrae  rhachitomous,  and  the  caudal 
usually  embolomerous.  A  ring  of  bones  is  usually  developed  in  the 
sclerotic;  the  ventral  surface  of  the  body  is  always  covered  with 
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scutes ;  and  the  palatines  form  long  splints  lying  on  the  inner  side 
of  the  maxillae.  This  family  is  evidently  the  most  primitive  one 
of  the  entire  order;  the  vertebral  column  displaying  an  arrest  of 
development  at  a  stage  which  is  transitional  in  higher  forms.  It  is 
further  remarkable  for  the  small  size  of  the  coracoid,  in  which  respect 
this  group  agrees  with  the  Salamanders  and  some  of  the  Anomo- 
dont  Reptiles.  The  humerus  has  distinct  condyles,  as  in  the  latter 
group  ;  and  in  the  pelvis  the  pubis  is  ossified,  and,  like  that  of  some 
Anomodonts,  unites  with  the  ischium  without  the  intervention  of 
an   obturator   foramen.      The   tarsus    and   carpus   {fig,    959)  are 


Fig.  960. — Left  lateral  aspect  of  the  arch  and  intercentrum,  and  p<KUertor  aspect  of  the  arch, 
of  a  dorsal  vertebra  o{  Euchirosaurus  Rochet;  from  the  Lower  Permian  of  France,  w.  Neural 
spine,  with  lateral  expansions,  al;-  x,  Suture  between  spine  and  arch ;  s.a.  Pre-,  s/,  Postzyga- 
pophysis ;  d^  Transverse  process ;  c,  Rib-facet ;  c.r.  Neural  canal ;  /'.c,  Intercentrum.  (Adapted 
rom  Gaudry.) 
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characterised  by  the  number  of  centralia,  there  being,  according 
to  the  interpretation  here  followed,  four  of  these  bones  in  the 
former  and  three  in  the  latter ;  and  the  first  centrale  articulating 
respectively  with  the  tibia  in  the  tarsus  and  with  the  radius  in 
the  carpus.  This  type  of  tarsal  and  carpal  structure  is  evidently 
the  most  primitive  yet  observed. 

In  Archegosaurus^  and  also  in  Zygosaurus  of  the  European  Per- 
mian, and  Trimerorhachis  of  the  reputed  equivalent  strata  of  North 
America,  the  occipital  condyles  were  not  ossified;  but  they  were 
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bony  in  many  of  the  other  genera.  The  following  genera  from  the 
Permian  of  Europe  have  vertebrae  agreeing  in  structure  with  those  of 
the  typical  forms,  and  may  be  provisionally  placed  in  the  same  fam- 
ily; they  are  named  Melosaurus^  Osteophorus^  Zygosaurus,  Chelydosau- 
rus,  CochUosaums^  Gaudrya^  AcHnodoriy  and  Euchirosaurus,  Spheno- 
saurus^  from  the  Permian  of  Bohemia,  has  also  been  placed  here, 
although  some  writers  regard  it  as  a  Reptile.  The  name  Disco- 
saurus  has  also  been  applied  to  a  member  of  this  group  from  the 


Fif.  961.— Upper  surface  of  the  skull  (a),  and  ventral  scutes  (b)  of  Cricotus  heteroclitus  ;  from 
toe  Permian  of  North  America.    One-half  nattiral  size.    (After  Cope.) 

Permian  of  Dresden,  but  it  is  preoccupied  in  the  Sauropterygia. 
Portions  of  a  vertebra  of  Etuhirosaurus^  from  Autun  in  France,  are 
shown  in  fig.  960,  the  neural  spine  being  remarkable  for  the  great 
lateral  expansion  of  its  summit ;  according  to  Dr  Fritsch's  restora- 
tion {^'g,  956)  the  pleurocentra  belonging  to  this  vertebra  would  be 
on  the  anterior  side,  but  Dr  Zittel  would  rather  regard  those  on  the 
posterior  aspect  as  referable  to  this  segment  of  the  column.  In 
the  Bijori  stage  of  the  Lower  Gondwanas  of  India  this  group  is 
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represented  by  Gondwanosaurus ;  while,  if  we  may  judge  by  a 
detached  intercentrum  which  may  belong  to  it,  Rhytidosteus^  of  the 
Karoo  system  of  South  Africa,  should  also  find  a  place  here.  The 
American  Permian,  in  addition  to  Trimerorkachis^  has  also  yielded 
Zatrachys,  Eryops^  Achdoma^  and  Anisodexts.  Eryaps  includes  very 
large  species,  in  which  the  nares  are  widely  separated  and  not 
placed  at  the  extremity  of  the  snout,  and  the  thoracic  plates  are 
not  sculptured. 

Family  DiPLOSPONDYUDiE. — ^This  family^  is  proposed  by  Dr 
Fritsch  for  the  genus  Diplospondylus^  from  the  Permian  of  Bohemia, 
characterised  by  the  embolomerous  structure  of  the  entire  verte- 
bral column,  and  the  absence  of  pits  on  the  skull.  Cricotus  (fig. 
961),  fi-om  the  Permian  of  Illinois  and  Texas, .  appears  to  be  an 
allied  form,  which  Professor  Cope  makes  the  type  of  the  family 
CricotidiE, 

Finally,  it  may  be  mentioned  here  that  the  genus  IchthyacatUhuSj 
from  the  Carboniferous  of  Ohio,  which  is  frequently  placed  in  the 
Microsauria,  is  described  as  having  rhachitomous  vertebras. 

Family  NvRANiiDiE. — The  genus  Nyraniay  from  the  Permian  of 
Bohemia,  of  which  the  skull  is  shown  on  an  enlarged  scale  in  figs. 
824,  825  (pp.  902,  903),  differs  from  Archegosaurus  in  that  the  pala- 
tines, in  place  of  forming  splints  on  the  inner  side  of  the  maxillae, 
are  situated  near  the  middle  line,  internally  to  the  vomers  and 
pterygoids,  and  would  therefore  seem  to  represent  a  distinct  family. 
This  arrangement  of  the  bones  of  the  palate  is  similar  to  that 
obtaining  in  the  existing  Caudata.  Some  of  the  genera  noticed 
among  the  ArckegosauridcCy  in  which  the  skull  is  unknown,  may 
belong  to  this  family. 

Family  DENDRERPETiDiE, — ^This  family,  which  may  be  taken  to 
include  the  Brachiopina  of  Professor  Miall,  contains  several  genera, 
of  which  the  precise  serial  position  and  full  affinities  are  at  present 
somewhat  uncertain.  The  skull  is  parabolic,  and  marked  by  deep 
pits ;  the  parasphenoid  in  the  type  genus  has  a  short  stem ;  and  the 
teeth  have  irregular  foldings  at  the  base.  The  vertebrae  were  fully 
ossified,  and  may  have  been  of  the  embolomerous  type.  The  type 
genus  Dendrerpeton  is  a  medium-sized  form  occurring  in  the  Car- 
boniferous of  Nova  Scotia  and  the  Permian  of  Bohemia,  and  char- 
acterised by  the  orbits  being  placed  near  the  centre  of  the  skulL 
Another  group  of  genera,  constituting  the  above-mentioned  Brachio- 
pina, appears  to  agree  so  closely  with  the  type  in  cranial  characters, 
that  it  may  at  least  provisionally  be  included  in  the  same  family. 
The  orbits  are  generally  placed  somewhat  anteriorly.  This  group 
comprises  Brachyops^  known  by  a  single  skull  from  the  Mangli  stage 
of  the  Upper  Gondwana  system  of  India ;  Micropholis  {Petrophrym\ 
*  Diplavertehrida^  see  note,  p.  1027. 
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from  the  Karoo  system  of  South  Africa ;  Bothriceps^  from  the  Lower 
Mesozoic  of  Australia ;  and  Rhinosaurus^  from  the  Jurassic  of  the 
Ural  Moimtains.     There  is  frequently  a  lyra  on  the  skull,  but  this 


Fig.  96s.««,  Orml  view  of  palate,  much  reduced,  ^,  Tooth,  natural  size,  oi  BaphtUt  planictpi ; 
from  the  Carboniferous  of  Nova  Scotia. 


is  wanting  in  Micropholis^  as  in  Dendrerpetan.     It  is  probable  that 
a  young  skeleton  from  the  Lower  Mesozoic  Hawkesbury  beds  of 
New  South  Wales,  described  under 
the  preoccupied  name  of  Platyceps^ 
belongs  to  Bothriceps, 

Family  ANTHRACOSAURiDiE. — In 
this  family  the  vertebral  column  is 
fully  ossified  in  the  adult ;  the  teeth 
are  deeply  infolded;  the  mucous 
canals  between  the  orbits  and  the 
nares  form  a  lyre-shaped  pattern 
known  as  the  lyra  ;  and  the  ventral 
siuface  of  the  body  typically  has  a 
covering  of  bony  scutes.  The  skull 
may  be  parabolic,  but  is  usually  tri- 
angular. This  family  may  be  divid- 
ed into  three  subfamilies.  The  first, 
or  BaphetifUE^  is  represented  solely 
by  the  genus  BapheteSy  of  the  Car- 
boniferous of  Nova  Scotia,  which 
can  only  be  provisionally  placed  in 
this  £unily.  It  is  only  known  by 
the  imperfect  skull  (fig.  962),  which 
is  broad,  and  rounded  anteriorly. 
In  the  LoxomnuUifUB  {Chauli(Hiontia\  the  members  of  the  one  genus 
Loxamma  attain  a  large  size,  and  are  characterised  by  the  triangular 
skull  (fig.  963),  which  has  laige  posterior  projections,  with  the  lyra 
forming  two  straight  grooves,  continued  posteriorly  as  ridges.  The 
teeth  are  compressed,  laige,  and  irregular,  with  the  foldings  deeper 


Fig.  963.— Upper  view  of  the  skull  of 
Lfixomma  Alltnanni;  from  the  Carbon* 
iferous  of  Durham.  Reduced.  Letters 
as  m  fig.  958.    (After  Miall.) 
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than  in  the  Archegosaurida.  The  vertebral  centra  are  disk-like, 
and  may  perhaps  be  embolomerous.  Loxomma  (fig.  963)  occurs 
in   England   in   the   Carboniferous,  but  has   also   been   recorded 


Fig.  964.~I>orsal  surface  of  the  sktill  of  AntkracosoMrtu  Russeili;  from  the  Carboniferous 
of  England.    One-sixth  natiiral  sixe.    (After  Atthey.) 

from  the  Permian  of  Bohemia.     The  large  size  of  the  orbits  is 

well  shown  in  the  figure ;  another  characteristic  feature  being  the 

absence  of  a  postglenoidal  process  to  the  mandible.     The  ventral 

scutes  are  unknown,  and  if  it  be  eventually  found  that  these  are 

wanting,  this  genus  should  perhaps  form  the  type 

^^  of  a  distinct  family.      In  the  typical  subfamily 

Wkk  Anthracosaurina  the  skull  (fig.  964)  is  triangular, 

l^ft  and  characterised  by  the  small  size  of  the  pala- 

I  H  tal  vacuities ;  while  the  teeth  are  subcylindrical. 

H  I  ^^^   ^^^   genus  Anthracosaurus  occurs,  as  its 

^1  H  name  implies,  in  the  Carboniferous,  ranging  from 

^■H  Britain  to  the  Continent     One  of  the  dermal 

V^^^  ventral  scutes  is  shown  in  fig.  965.      The  skull 

^^  was  also  covered  with  scales  or  scutes;  and  it 

Fiff.  965.— Scute  of  appears  from  one  specimen  that  these  scutes  did 

Anthracosaurus,  (After       *^*^  /  .        .    *.  t  •   i      - 

Atthey.)  not  extend  over  the  panetal  foramen,  which  in- 

duces Dr  Credner  to  consider  that  the  Palaeozoic 
Labyrinthodonts  were  provided  with  a  functional  parietal  eye,  of 
which  an  aborted  rudiment  persists  in  Sphenodon.     The  imperfectly 
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known  Dasyceps^  from  the  English  Permian,  is  allied  in  cranial 
stnictiire  to  Anthracosaurus.  Moreover,  some  writers  place  in  this 
funily  the  imperfectly  known  genera  Platyops^  from  the  Permian 
of  Russia,  and  Mcuromerion^  from  the  corresponding  strata  of 
Bohemia. 

Family  Mastodonsaurid^ — ^The  members  of  this  family,  to- 
gether with  some  of  the  Anthracosaurida^  constitute  the  Euglypta 
of  Professor  MialPs  classification,  and  may  be  regarded  as  the 
typical  representatives  of  the  order.  They  are  distinguished 
fiom  the  latter  family  by  the  still  more  complex  structure  of  the 
teeth;  the  stronger  sculpture  of  the  skull;  and  the  absence  of 
scutes  on  the  ventral  surface  of  the  body.  Large  palatovomerine 
teeth  (fig.  966)  are  placed  on  the  inner  side  of  the  maxillary 
teeth,  and  there  is  a  corresponding  inner  series  of  small  teeth  in 


Fig.  966. — Palatal  aspect  of  the   cranium 
'    MmxUtUmuutrut  gtgnntefu ;    from    the 
of  WQitemherg.     Reduced.     (After 


Mkfij 


Fig.  967.  —  MeuiodoHsaurus 
gigtutteus.  a,  Dor»l  aspect 
of  ftkull,  greatly  reduced ;  b^ 
tooth  on  a  larger  scale. 


the  mandible ;  while  there  is  no  bony  ring  in  the  sclerotic  The 
following  features  may  be  also  noticed,  although  some  of  them  are 
common  to  the  typical  Anthracosaurida,  The  mandible  has  a 
large  postglenoidal  process,  and  the  crowns  of  the  teeth  are  conical. 
The  palatines  have  the  same  position  as  in  the  Archegosaurida,  In 
the  pelvis  of  the  type  genus  the  pubes  are  separate  from  the  ischia, 
and  do  not  enter  into  the  formation  of  the  acetabulum ;  and  the 
sacral  ribs  form  kidney-like  disks.  The  centra  or  bodies  of  the  ver- 
tebrae in  the  adult  form  disks  which  are  fully  ossified ;  but  in  the 
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young,  as  we  infer  from  Mastodonsaums^  in  which  alone  this  feature 
has  been  observed,  they  were  rhachitomous,  as  in  the  adult  condi- 
tion of  the  Archegosaurida,  The  palatal  vacuities  were  large  and 
approximated,  as  is  well  shown  in  fig.  966.  This  family  may  be 
divided  into  two  groups,  according  to  the  presence  or  absence  of 
an  inner  articular  buttress  at  the  proximal  extremity  of  the  mandible. 
The  group  in  which  this  buttress  is  present  is  represented  by  the 
type  genus  Mastodonsaurus^  best  known  by  the  huge  Afastodonsaurus 
giganteus  (figs.  966,  967)  of  the  Trias  of  Europe,  which  probably 
attained  a  length  of  seven  or  eight  feet,  and  ranged  from  the  Mus- 
chelkalk  to  the  Rhaetic.  Besides  other  European  Triassic  species, 
this  genus  is  also  represented  in  the  Lower  Mesozoic  (Maleri  stage) 
of  India  by  a  form  closely  allied  to  M,  giganteus^  and  by  another  in 
the  Hawkesbury  beds  of  New  South  Wales.     Figure  968  shows  the 


Fig.  968.— Transverse  section  of  a  segment  of  a  tooth 
of  MastodoHsaurta  gigtmteus.  Greatly  enlarged.  (After 
Owen.) 


F»8'  9^'  —  Fragment 
of  jaw  of  one  of  the 
MastodotuauruUt ;  from 
the  Upper  Gondwanas 
of  India,  a  shows  the 
section  of  a  tooth. 


Structure  of  a  transverse  section  of  a  segment  of  a  tooth  of  this 
genus ;  the  mode  of  attachment  of  the  teeth  to  the  jaw  being  ex- 
hibited in  fig.  969.  In  the  transverse  section  it  will  be  observed 
that  there  is  one  set  of  sinuous  linear  interspaces  communicating 
with  the  exterior,  and  a  corresponding  series  (separated  from  each 
other  by  the  dental  wall)  of  sinuous  processes  from  the  central  pulp- 
cavity.  Other  genera  of  this  group  are  Capitosaurus  (including 
Cyclotosaurus\  from  the  Keuper  of  Germany ;  Trematosaurus,  from 
the  Bunter  of  the  same  country,  distinguished  by  its  more  slender 
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skull;  and  the  apparently  allied  Goniogiyftus,  from  the  Panchet 
stage  of  the  Lower  Gondwanas  of  India.  Pachygonia  (fvg,  952),  of 
the  latter  deposits,  may  also  be  provisionally  included  in  this  group. 
From  the  Maleri  stage  of  the  Upper  Gondwanas  we  have  also  a 
Labyrinthodont  apparently  closely  allied  to  Capitosaurus^  and  thus 
indicating  a  precise  parallelism  in  the  evolution  of  the  group  in  the 
Indian  and  European  horizons.  Here  also  we  may  perhaps  place 
a  small  form  described  under  the  provisional  name  of  Glypto- 
gnathuSy  from  the  Indian  Panchets.  MetopiaSy  of  the  Continental 
Keuper  and  Rhastic,  is  distinguished  from  the  preceding  genera  by 
the  more  anterior  position  of  the  orbits;  Labyrinthodon^  of  the 
English  Keuper,  being  probably  allied.  The  second  group  is  repre- 
sented hy  Diadetognathus,  of  the  Warwickshire  Trias,  in  which  the 
mandible  has  no  inner  articular  buttress. 

Of  Uncertain  Family. — Here  may  be  mentioned  the  genus 
EasauruSy  founded  upon  large  vertebral  centra  (fig.  970),  from  the 


Fig.  970b — Two  vertebral  centra  of  Eosaurus  euadianus ;  from  the  Carbonifeioux 
of  Nova  Scotia.    (After  Marsh.) 

Carboniferous  of  Nova  Scotia,  which  were  regarded  by  Professor 
Marsh  as  belonging  to  an  Ichthyosauroid  Reptile,  but  which  really 
indicate  a  large  Lab>Tinthodont,  perhaps  referable  to  the  Masto- 
dansaurida. 

Leaving  out  some  ill-defined  genera,  mention  must  be  made  of 
Pieroplax,  of  the  British  Carboniferous,  which  was  formerly  classed 
next  to  BatracJuderpeton,  The  skull  is  elongated,  and  remarkable 
for  the  incomplete  orbits ;  while  it  appears  that  many  of  the  ordi- 
nary bones  are  wanting.  The  cranial  bones  have  a  pitted  sculpture ; 
and  the  vertebral  centra  are  thick  and  fully  ossified. 
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Labyrinthodont  Footprints. — In  the  Bunter,  or  Lower  Trias 
of  Germany,  and  also  in  the  Keuper,  or  upper  division  of  the  same 

system  in  Cheshire  and  Warwickshire, 
there  are  frequently  found  long  series 
of  the  impressions  of  the  feet  of  five- 
toed  animals,  which  have  generally  been 
regarded  as  those  of  Labyrinthodonts, 
although  it  has  been  suggested  by  Pro- 
fessor Miall  that  some  of  them  may  be 
Dinosaurian.  These  footprints  were 
described  under  the  name  of  Chirothe- 
riuMy  on  the  supposition  that  they  were 
of  Mammalian  origin ;  but  in  case  this 
should  prove  incorrect  the  alternative 
name  Chirosaurus  was  proposed,  and 
since   they  are  certainly  Saurian,   the 


Fig.  970  3tr.— Footprints  of  CkirasaMrtt*  Bartkt,  from  the  Banter  sandstone  of  Hessberg, 
near  Hiklbiughausen,  Germany.     Reduced. 

latter  name  should  be  adopted.     These  impressions  (fig.  970  3ts) 
were  made  by  Saurians  in  which  the  hind  foot  was  much  laiger 
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than  the  fore  foot,  some  of  those  of  the  hind  foot  having  a  length 
of  eight  inches.  The  absence  of  any  known  Dinosaurians  from 
the  Bunter  is  strongly  in  favour  of  the  Labyrinthodont  nature  of 
these  tracks;  and  it  has  been  suggested  that  those  described  as 
Chirosaurus  Barthi  were  made  by  Trematosaurus  Brauni  of  the 
Bunter,  the  skull  of  which  has  a  length  of  eight  inches.  If  this 
should  prove  to  be  the  case,  the  name  Trematosaurus  would  have 
to  yield  to  the  earlier  Chirosaurus.  The  largest  tracks  from  the 
Reaper  of  Cheshire  have  been  described  as  C  Herculis,  Other 
tracks  of  feet  from  the  Permian  and  Trias,  which  may  be  of  Laby- 
rinthodont origin,  have  been  described  under  distinct  names  which 
it  will  be  unnecessary  to  quote. 

Order  II.  Apoda. — ^The  remarkable  limbless  Oecilians  being 
unknown  in  a  fossil  state  require  no  further  mention. 

Order  III.  Caudata. — In  this  order  the  body  is  elongate,  and 
either  lacertiform  or  anguiform,  with  a  tail,  and  usually  with  two, 
but  occasionally  only  one,  pairs  of  limbs.  The  cranium  lacks  the 
postorbital,  supratemporal,  and  supraoccipital  bones  of  the  Labyrin- 


Fig.  97t.-  OatJiiict  of  Siren  (a),  Am^ittmm  <b).  and  Meupbremcktu  (c).    Reduced. 
(After  Mivart.) 

thodontia,  and  the  palatines  are  approximated  to  the  middle  line, 
and  placed  internally  to  the  vomers  and  pterygoids.  The  ribs  are 
short,  and  the  bodies  of  the  vertebrae  are  either  amphi-  or  opistho- 
coelous.  The  resemblance  in  the  contour  of  the  skull  and  the 
short  ribs  to  the  Protritonida  suggests  an  affinity  between  the  two 
groups ;  but  the  position  of  the  palatines  is  rather  indicative  of  a 
relationship  with  the  Nyraniida. 
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Family    HvLiEOBATRACHiDiE. — This   family   is   formed   for   the 

I    _l     ,1,1      I!  iLi|^ 


Fig.  97a. — Anterior  part  of  the  skeleton  of  Megalcbatrachus  SchtMchani;  from  the 
Upper  Miocene  of  Switzerland.    Reduced. 

reception  of  Hylaobatrachus^  from  the  Wealden  of  Belgium,  which 
appears  to  be  an  ancestral  form  allied  to  the  Proteida^  but  distin- 
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guished  by  the  presence  of  a  maxilla,  and  of  five  digits  to  the 
feet 

Families  SiRENiDiE  and  PROXEiDiE. — Siren  (fig.  971,  a)  and 
ProieuSy  together  with  Menobranchus  (ibid,^  c)  are  characterised  by 
the  persistent  gills,  the  absence  of  maxillae,  the  amphiccelous  verte- 
brae, and  the  reduction  of  the  number  of  the  digits  below  five ;  Siren 
differing  from  the  other  two  by  the  absence  of  pelvic  limbs.  No 
fossil  representatives  are  known. 

Family  AMPHiUMiDiE. — In  this  family  the  gills  are  shed,  and 
maxillae  are  present ;  but  it  agrees  with  the  two  last  in  the  amphi- 
ccelous vertebrae,  the  cartilaginous  carpus  and  tarsus,  and  the  ab- 
sence of  eyelids.  In  the  typical  North  American  genus  Atnphiuma 
(fig.  971,  b)  the  body  is  much  elongated,  and  the  limbs  are  very 
short  Another  American  genus  is  Menopoma^  allied  to  which  is 
Megalobatrachus  {Cryptobranchus  or  Sieboldia\  typically  represented 
by  the  Gigantic  Salamander  {M.  maximus)  of  China  and  Japan,  and 
in  which  we  may  probably  include  the  large  Salamander  (fig.  972) 
fix)m  the  Upper  Miocene  of  Switzerland,  originally  regarded  as 
human,  and  subsequently  described  under  the  name  of  Andrias, 

Family  SALAMANDRiDiE. — ^The  true  Salamanders  lose  their  gills, 
although  there  are  instances,  as  in  Amblystoma  {Siredon\  where 
they  persist  in  some  individuals.  Eyelids  are  present ;  the  vertebrae 
are  generally  opisthocoelous ;  and  the  carpus  and  tarsus  more  or  less 
ossified.  This  family  is  now  represented  in  Europe  by  the  Sala- 
manders {Salamandra)  and  Newts  (Molge  or  Triton),  In  a  fossil 
state  the  existing  Molge  cristata  (fig.   973)  occurs  in  the  Norfolk 


*"»«•  973.— The  Crested  Newt  (Molge  cristata). 

Forest-bed,  and  representatives  of  this  genus  have  also  been  recorded 
from  the  Middle  and  Lower  Miocene  of  the  Continent.  The  latter 
deposits  have  also  yielded  remains  referred  to  Salamandra^  while  the 
name  Chelotriton  has  been  applied  to  an  imperfectly  known  form  from 
the  Lower  Miocene  of  St  G^rand-le-Puy,  in  Allier.  Ifeliarchon,  from 
the  corresponding  strata  of  Rott,  near  Bonn,  is  allied  to  Salamandra, 
and  may  not  improbably  be  identical  with   Chelotriton,     Megalo- 
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triton  is  a  large  form   from   the  Upper  Eocene  Phosphorites   of 
Central  France. 

Order  IV.  Ecaudata. — The  Frogs  and  Toads  form  a  highly 
specialised  order  of  comparatively  late  origin.  In  the  adult  the 
body  is  short,  destitute  of  a  tail,  and  furnished  with  four  limbs,  of 


Fig.  974.— A,  Skeleton  of  the  Frog  {Roma  timporurid) :  tr.  Transverse  processes  of  Tcrtelme  : 
ja,  Sacrum  ;  «r,  Urostyle  ;  f,  Ilium :  tj  Suprascapula  ;  b^  Humerus  ;  nb^  Radius  and  ulna ;  c. 
Carpus ;  /,  Pollex ;  /,  Femur  ;  cr^  Tibui  and  fibula ;  <»,  Calcaneo-astragalus  ;  to.  Tarsus  ;  x/, 
PronalUix.  b,  Pectoral  arch  and  sternum  of  Frog  (after  Gegenbaur).  The  dotted  parts  represent 
cartilages.  ^,  Epistemum  ;  o^  Omostemum ;  /,  Body  of  the  sternum ;  jr,  Xiphistemum ;  sd^ 
Suprascapula ;  «c,  Scaptila ;  cl^  Precoracoid  ;  co^  Coracoid  ;  x,  Epicoracoid. 

which  the  pelvic  pair  is  the  longer,  and  adapted  for  leaping.  There 
are  no  gills.  The  skull  is  short  and  wide,  with  enormous  orbits, 
and  the  parietals  confluent  with  the  frontals.  A  peculiar  ossification 
known  as  the  girdle-bone  encircles  the  skull  in  the  ethmoidal  r^on, 
and  there  is  a  predentary  ossification  in  the  mandible.     The  pre- 
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sacral  vertebrae  are  few  in  number,  and  generally  procoelous ;  there 
is  but  one  vertebra  in  the  sacrum ;  the  vertebral  column  terminates 
in  a  long  urostyle  (fig.  974,  ur)y  and  there  are  usually  no  separate 
ribs.  The  ilia  (/)  are  prolonged  backwards,  so  as  to  throw  the 
acetabulum  far  behind  the  sacrum ;  the  radius  and  ulna  (ad),  and 
the  tibia  and  fibula  (cr)  are  respectively  fused  together ;  and  the  cal- 
caneum  and  astragalus  (ca)  greatly  elongated.  There  are  five  digits 
in  each  foot,  with  an  additional  ossicle  (sp)  in  the  pes  which 
apparendy  represents  a  prohallux. 

According  to  the  presence  or  absence  of  the  tongue  this  order  is 
divided  into  the  suborders  Phaneroglossa  and  Aglossa;  the  latter 
containing  only  the  two  fiamilies  Daciyletkrid(B  and  Pipidc^.  The 
Phaneroglossa  are  subdivided  into  the  Firtnistemine  and  Arciferine 
series  \  the  former  characterised  by  the  epicoracoids  forming  a  band 
connecting  the  coracoids  (fig.  974,  b),  and  the  latter  by  the  over- 
lapping of  the  epicoracoids.  Since  fossil  forms  are  but  very  imper- 
fectly known,  only  brief  mention  will  be  made  of  those  families 
whidi  have  fossil  representatives. 

Family  Discoglossid^ — Commencing  with  the  Arciferine  series 
of  the  Phaneroglossa  the  present  family  is  distinguished  from  those 
that  follow,  and  thereby  approximates  to  the  Newts,  in  having  opis- 
thocoelous  vertebrae  and  rudimentary  ribs.  The  European  genus 
Bambinaiar  is  probably  represented  in  the  Upper  Miocene  of  Swit- 
zerland ;  although  some  writers  have  referred  the  fossil  species  to  a 
distinct  genus  under  the  name  of  Feiophilus,  Opisthocoelous  ver- 
tebrae from  the  Middle  Miocene  of  Sausan,  in  Gers,  may  belong 
either  to  Bombinator  or  to  the  other  existing  European  genus  Alytes, 
Bujavusj  from  the  Middle  Tertiary  of  Italy,  is  said  to  present  many 
affinities  to  the  present  family,  but  in  the  absence  of  ribs  approxi- 
mates to  the  one  that  follows. 

Family  PELOBAXiDiE. — ^This  small  family  is  characterised  by  the 
presence  of  teeth  in  the  upper  jaw ;  the  absence  of  ribs ;  and  the  un- 
expanded  extremity  of  the  sacral  rib.  The  vertebrae  are  usually  pro- 
codous,  although  occasionally  opisthocoelous.  The  existing  genus 
Pelobates  occurs  in  the  Miocene  of  Sausan,  while  the  imperfectly 
known  ProtapeiohcUes^  from  the  Miocene  of  Bohemia,  may  belong 
either  to  this  or  the  next  family. 

Family  PALAOBAXRACHiDiE. — This  extinct  family  has  teeth  in  the 
upper  jaw ;  no  ribs ;  expanded  ribs  to  the  sacral  vertebra ;  and  pro- 
coelous vertebrae.  The  single  genus  Palaobatrachus  (Probatrachus) 
is  now  known  to  have  been  widely  distributed  over  the  Continent 
during  the  Lower  Miocene ;  more  than  a  dozen  species  having  been 
described. 

Family  Bufonid^ — The  true  Toads  are  characterised  by  the 
total  absence  of  teeth  and  dorsal  ribs  \  the  expanded  extremities  of 
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the  ribs  of  the  sacral  vertebra ;  and  the  procoelous  vertebrae.  Of 
the  type  genus  Bufo  existing  species  occur  in  the  European  and 
Indian  Pleistocene.  B.  Gessneri^  of  the  Upper  Miocene  of  Switzer- 
land, appears  closely  allied  to  the  living  B.  viridis^  although,  to- 
gether with  another  species  from  the  same  beds,  it  has  been  made 
the  type  of  Paiaofhrynus,  Dr  Filhol  records  the  type  genus  from 
the  Upper  Eocene  Phosphorites  of  France. 

Family  Cystignathid^ — This  family  represents  the  Frogs  in 
Tropical  America  and  Australia.  The  huge  Ceratophrys  comutay  or 
Homed  Frog  of  Brazil,  occurs  in  the  cave-deposits  of  that  country ; 
while  Latonia^  of  the  Swiss  Mipcene,  appears  to  be  a  closely  allied 
if  not  identical  genus,  characterised  by  the  smaller  head,  more 
slender  pelvis,  shorter  manus,  and  longer  pes.  A  somewhat  similar 
instance  of  distribution  occurs  in  the  case  of  the  Chelonian  Chely- 
dra.  The  cave-deposits  of  Brazil  have  also  yielded  remains  of  the 
existing  Leptodactylus  pentadactylus. 

Family  RANiDiC — In  the  Firtnistemine  series  the  True  Frogs 
have  teeth  in  the  upper  jaw,  and  the  extremities  of  the  sacral  ribs 
are  not  expanded.  Rana  is  represented  by  existing  species  in  the 
Norfolk  Forest-bed,  and  probably  in  the  Pleistocene  of  Sardinia ;  it 
probably  also  occurs  in  the  Miocene  of  Sausan  and  other  places  on 
the  Continent;  and  has  been  described  from  the  Upper  Eocene 
Phosphorites  of  Central  France,  where  the  one  known  species  seems 
to  be  allied  to  the  Indian  R,  tigrina.  The  Oriental  genus  Oxyglos- 
sus,  in  which  there  are  no  vomerine  teeth,  is  found  in  the  Eocene  of 
Bombay.  Ranavus,  from  the  Middle  Tertiary  of  Italy,  may  perhaps 
belong  to  this  family,  although  it  is  said  to  show  affinity  to  the  Pelo- 
batida  ;  and  we  may  here  mention  the  imperfectly  known  Amphi- 
rana,  Batrachus^  and  Protophrynus  of  the  Lower  Miocene  of  France, 
although  their  family  position  may  be  doubtful. 
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CHAPTER    LII. 

CLASS    REPTILIA. 

General  Structure. 

With  the  Reptiles  we  enter  upon  the  consideration  of  the  first  of 
two  classes  which,  from  the  possession  of  many  common  characters, 
have  been  brigaded  together  by  Professor  Huxley  under  the  name 
of  Sauropsida.  The  name  Monocondylia  had,  however,  been  pre- 
viously proposed  by  Haeckel  for  these  two  classes,  and  some  writers 
consequently  prefer  to  use  this  term.  These  two  classes  are  the 
Reptilia  and  the  Aves,  or  Birds ;  and  although  recent  research  has 
shown  the  existence  of  a  close  affinity  between  the  more  generalised 
Reptilia  and  the  Amphibia,  and  thus  with  the  Mammalia,  yet  it  has 
in  no  wise  tended  to  interfere  with  this  association.  It  should,  how- 
ever, be  observed  that  since  it  is  probable  the  Reptiles  have  taken 
origin  from  forms  more  or  less  nearly  allied  to  some  of  the  earlier  Am- 
phibia, vrith  which  we  are  at  present  acquainted,  it  is  obvious  that 
there  must  once  have  existed  animals  in  which  the  characteristic  fea- 
tures of  the  true  Amphibia  and  the  Reptilia  were  more  or  less  blended, 
and  that  the  practicability  of  drawing  a  distinction  between  the  two 
classes  is  thus  (as  in  other  cases)  more  or  less  due  to  the  imperfec- 
tion of  our  knowledge.  With  this  proviso,  and  bearing  in  mind  that 
some  of  the  more  generalised  forms  with  which  we  are  even  now 
acquainted  may  not  conform  in  every  detail  with  the  undermentioned 
characters,  the  Reptilia  as  a  whole,  together  with  the  Birds,  may  be 
distinguished  from  the  preceding  classes  on  the  one  hand,  and  from 
the  Mammalia  on  the  other,  by  the  following  features. 

Epidermal  structures  in  the  form  of  scales  or  feathers  are  gener- 
ally present,  but  there  are  never  hairs.  The  vertebrae,  which  are 
ossified,  usually  have  no  epiphyses.^     The  basioccipital,  with  one 

^  These  are  present  in  some  of  the  Satiropterygia  among  Reptiles,  and  in 
Parrots  among  Birds. 
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or  two  exceptions,  is  completely  ossified ;  and,  in  conjunction  with 
the  exoccipitals,  forms  the  single  occipital  condyle  by  which  the 
cranium  articulates  with  the  atlas  vertebra.  In  the  adult  there  is, 
as  a  rule,  no  distinct  parasphenoid  ^  on  the  base  of  the  skull.  The 
mandibular  rami  respectively  consist  of  an  articular  cartilage-bone  and 
of  several  membrane-bones ;  the  articular  bone  being  connected  with 
the  squamosal  of  the  cranium  by  a  quadrate.  The  apparent  ankle- 
joint,  in  all  existing  forms,  is  situated  between  the  proximal  and 
distal  rows  of  the  tarsus ;  and  not,  as  in  the  Mammalia,  between 
the  tibia  and  astragalus.  Gills  are  never  developed  during  any 
period  of  life;  the  embryo  is  provided  with  an  amnion  and  an 
allantois ;  and  there  are  no  mammary  glands.  As  the  palaeontologist 
will  not  have  to  deal  with  the  other  distinctive  features  derived  from 
the  soft  parts,  it  will  not  be  necessary  to  refer  to  them  in  this  work. 

R^arding  the  features  of  Reptiles  as  distinct  from  Birds,  the 
approximation  between  the  two  classes  is  so  close  that  it  is  difficult 
to  give  any  very  clear  diagnosis.  In  the  present  class,  however,  the 
epidermal  structures  take  the  form  of  overlapping  horny  scales 
(Squamata)y  or  of  shields  with  their  edges  in  apposition  (Chelonia) ; 
while  dennal  bony  scutes  are  very  frequently  developed.  The  ver- 
tebrae may  be  amphicoelous,  opisthocoelous,  or  proccelous ;  but  the 
centra  of  the  cervicals  do  not  have  cylindroidal  and  saddle-shaped 
articular  surfaces.  The  sacral  vertebrae,  when  present,  have  broad 
expanded  ribs  for  articulation  with  the  ilia.  The  sternum  in  exist- 
ing forms  is  rhomboidal ;  and  the  ribs  may  be  attached  to  it  by  a 
backward  median  process,  or  processes.  The  interclavicle  is  never 
fused  with  the  clavicles.  There  are  more  than  three  digits  in  the 
manus ;  and  never  less  than  three  in  the  pes.  Except  in  the  Thero- 
morous  branch,  the  three  elements  of  the  pelvis  as  a  rule 
remain  distinct ;  *  and  there  is  apparently  no  known  instance,  except 
one  which  may  probably  be  regarded  as  a  pathological  peculiarity, 
of  the  fusion  of  the  metatarsals,  or  of  their  union  with  the  distal  row 
of  the  tarsus.  In  all  living  Reptiles  there  is  both  a  right  and  a  left 
aortic  arch ;  the  arterial  and  venous  circulations  are  at  best  but  im- 
perfectly separated ;  and  the  blood  is  cold. 

Since  the  various  orders  of  Reptiles  differ  so  greatly  from  one 
another  in  structure  it  will  be  advisable  to  make  most  of  our  obser- 
vations on  their  osteology  under  those  several  headings.  As  a  rule, 
however,  the  bones  of  the  cranium  retain  the  general  arrangement 
observable  in  the  Amphibia;  there  being  distinct  postorbital  or 
postfirontal  ossifications ;  usually  either  one  or  two  temporal  arcades; 
and  distinct  post-,  supra-,  and  infratemporal  fossae,  as  defined  in  the 

'  Dr  Baur  suggests  that  this  bone  may  be  present  in  Palaohaiteria, 
*  They  are  anchylosed  in  Ttstudo  atlas  of  the  Indian  Siwaliks,  and  also  in 
Miolania. 
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introductory  chapter  (p.  904).  The  bones  of  the  skull  are  of  a 
dense  ivory-like  structure,  and  in  most  cases  their  sutures  persist; 
although  in  certain  groups  the  premaxillae,  frontals,  and  parietals 
may  respectively  unite.  A  new  element — the  transverse,  or  trans- 
palatine,  bone  (fig.  1089,  7]r)— connecting  the  maxilla  with  the 
pterygoid,  appears;  but  this  is  absent  in  the  Chelonia  and  some 
Ophidia.  An  epipterygoid,  or  columella,  connecting  the  pterygoid 
with  the  parietals,  may  also  be  present.  A  parietal  foramen  may  or 
may  not  be  present ;  and  the  occipital  condyle  is  usually  placed  at 
the  hinder  extremity  of  the  cranium.  The  apertures  of  the  external 
nares  may  be  terminal,  as  in  the  Amphibia,  or  approximated  to  the 
orbits,  as  in  the  Birds ;  and  the  bones  of  the  palate  may  develop 
a  floor  underlying  the  narial  passage  and  thus  cutting  it  off  from  the 
mouth.  As  a  general  rule  the  mandibular  symphysis  is  not  an- 
chylosed ;  but  this  takes  place  in  the  Chelonia  and  Ornithosauria. 
The  quadrate  may  be  either  loosely  or  immovably  attached  to  the 
cranium. 

The  dentition  is  usually  well  developed,  and  the  teeth  of  different 
parts  of  the  jaws  are  occasionally  more  or  less  differentiated ;  although 
there  is  no  known  instance  where  they  are  implanted  by  double  roots, 
or  where  their  crowns  have  deep  infoldings  of  enamel.  They  may  be 
present  not  only  in  the  jaws,  but  also  upon  the  palatine,  pterygoid, 
and  more  rarely  the  vomer.  In  other  instances,  however,  teeth  may 
be  entirely  wanting,  and  the  jaws  simply  ensheathed  in  horn.  The 
teeth  may  be  anchylosed  to  the  outer  side  of  the  jaws,  when  the 
dentition  is  X.^TCci^<^pleurodont  (fig.  975) ;  or  to  their  summits,  when 

the  term  acrodont  is  ap- 
plied ;  or  they  may  be 
set  in  a  groove,  with  or 
without  anchylosis  to 
the  bone;  or,  finally, 
they  may  be  placed  in 

Fig.  975— Inner  view  of  Ac  Wt  ramus  of  the  mandible  of       distinCt    SOCketS,    whCH 

the  dentition  is  said  to 
be  thecodont.  The  teeth  on  the  palate  are  generally  anchylosed  to  the 
subjacent  bones.  There  is  usually  a  continuous  succession  of  teeth 
developed  throughout  life ;  the  new  teeth  coming  up  beneath  those 
in  use  and  absorbing  the  base  of  the  crown,  as  is  shown  in  the  teeth 
of  the  Gharial  represented  in  fig.  1090.  In  shape  the  teeth  of 
Reptiles  present  great  variation;  but  a  very  common  type,  from 
which  many  of  the  variations  are  derived,  consists  of  a  more  or  less 
laterally-compressed  and  recurved  cone,  with  fore-and-aft  cutting 
edges,  or  carina,  which  may  or  may  not  be  serrated  (fig.  976).  Oc- 
casionally, however,  the  teeth  of  the  jaws  or  those  of  the  palate 
may  have  nearly  flat  crowns  adapted  for  crushing  (fig.  986). 
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„  076.  —  Profile  and  lateral 
views  of  the  crown  of  a  tooth  of  a 
Dinosaur  {Massos/>on4fyius\  -with 
the  mai^ginal  serrations  magnified ; 
from  the  Mesozoic  of  India. 


When  both  pairs  of  limbs  are  present  the  vertebral  column 
is  difTerentiated  into  cervical,  dorsal,  lumbar,  sacral,  and  caudal 
regions ;  and  the  vertebrae  themselves  are 
invariably  ossified,  although  in  some  prim- 
itive types  a  small  notochordal  canal  may 
perforate  their  centra.  In  a  large  number 
of  existing  forms  the  majority  of  the  centra 
are  procodous ;  but  they  are  amphicoelous 
in  many  fossil  and  a  few  existing  types ; 
while  among  the  Dinosauria  and  Chelonia 
an  opisthocoelous  type  is  common  in  parts 
of  the  series.  In  all  cases  there  is  an  in- 
tercentrum  between  the  skull  and  the  atlas; 
which  may  either  form  the  inferior  ring  of 
the  latter,  or,  when  the  centrum  of  the  atlas  is  separate  (Ichthyoptery- 
gia),  may  be  of  the  normal  wedge-like  form.  In  some  groups  addi- 
tional articulations  may  be  developed  on  the  arches  of  the  trunk  verte- 
brae, taking  the  form  of  a  wedge-shaped  process,  or  zygosphene^  fitting 
into  a  corresponding  cavity,  or  zygantrum  (fig.  977).  The  transverse 
processes  of  the  dorsal  verte- 
brae may  be  either  long  (fig. 
1058)  or  very  short  (fig. 
977) ;  and  the  ribs  may  ar- 
ticulate either  by  a  single 
head  with  the  transverse 
process,  or  by  two  heads 
to  different  portions  of  the 
same  process,  or  by  one  ar- 
ticulation to  the  latter  and 
by  another  to  a  facet  on  the  arch  or  the  centrum  ;  there  being  great 
variation  as  to  the  position  of  the  transverse  processes  and  rib-facets 
in  different  groups,  and  also  in  the  different  parts  of  the  column  of 
a  single  animal  Occasionally  the  ribs  articulate  at  the  junction  of 
two  vertebrae.  Chevron-bones  are  generally  present  in  the  tail ;  and 
intercentra  may  be  retained.  No  living  Reptile  with  limbs  has  less 
than  two  sacral  vertebrae,  and  in  certain  extinct  forms  the  number 
may  be  increased  to  fi-^^  or  six.  In  nearly  all  Reptiles  the  tail  is 
well  developed.  The  ribs  may  have  uncinate  processes.  In  many 
existing  forms  the  sternum,  which  may  be  ossified,  is  rhomboidal, 
and  may  have  the  last  pair  of  ribs  attached  to  a  backward  median 
process.  Its  structure  in  many  fossil  groups  is  not  known,  but 
according  to  Professor  Marsh's  interpretation  some  of  the  Dino- 
saurs had  paired  sternal  ossifications,  corresponding  to  the  two 
centres  from  which  the  sternum  develops  in  the  Ratite  Birds. 
Abdominal  ribs  may  be  developed  in  the  parietes  of  the  ventral 


Fig.  977.— Posterior  (a)  and  haemal  (b)  aspects  of  a 
dorsal  vertebra  of  a  Snake.  The  cavities  in  a  on  the 
sides  of  the  neural  canal  are  the  rygantra. 
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surface  of  the  abdomen,  and  consist  of  a  median  and  two  lateral 
moieties. 

In  the  pectoral  girdle  the  scapula  is  generally  a  more  or  less 
elongated  bone,  with  an  expansion  at  its  glenoidal  extremity.  A 
separately  ossified  precoracoid  exists  only  in  the  Anomodonts  (fig. 
978  ^/j),  this  bone  being  in  other  cases  fused  either  with  the 
scapula,  as  in  the  Chelonia  (fig.  1008),  or  with  the  coracoid,  as  in 
Lizards  (fig,  830) ;  the  fontanelle  which  frequently  occurs  in  the 
latter  instances  apparently  marking  the  original  line  of  separation 
of  the  two  bones.  The  coracoid  may  vary  in  shape  from  a  long 
spatulate  form  (Chelonia)  to  that  of  a  cheese-cutter  (Dinosauria). 

The  humerus  has  in  many  cases  no  distinct  distal  condyles 
(trochleas),  although  these  are  well  developed  in  the  Anomodonts, 
Lizards,  and  Sphenodon.  In  the  more  generalised  types  there  is  fi^e- 
quently  an  entepicondylar  foramen  to  this  bone,  but  in  the  Lizards 
and  Chelonians  the  foramen  or  groove  is  ectepicondylar ;  and  in  a 
few  instances  both  foramina  are  present.  The  radius  and  ulna 
always  remain  distinct  The  number  of  bones  in  the  carpus  varies 
considerably  in  the  different  orders,  but  in  Sphenodon  alone  among 
existing  forms  is  there  more  than  a  single  centrale ;  the  five  distal 
bones  (carpalia)  may  be  all  distinct  from  one  another  i^g,  3 2 9).  In 
the  pelvis  of  the  majority  of  reptiles,  the  ilium  is  produced  more 
behind  than  in  front  of  the  acetabulum  (fig.  831),  and  the  latter  is 
more  or  less  completely  closed  by  bone;  while  the  pubis  (fig.  831) 
is  directed  downwards  and  forwards,  and,  like  the  ischium,  usually 
meets  its  fellow  in  a  ventral  symphysis.  Among  the  Dinosaurians, 
however,  the  pelvis  may  be  of  a  Bird-like  type,  when  the  pubes  do 
not  form  a  symphysis.  Usually  the  obturator  interval  forms  an 
open  notch ;  but  by  the  ventral  union  of  the  pubis  and  ischium  of 
the  same  side  this  notch  may  be  converted  into  a  foramen.  The 
femur  among  the  Dinosaurs  may  develop  an  inner  trochanter ;  and, 
except  in  some  Ornithosauria,  the  fibula  always  remains  distinct 
from  the  tibia.  As  in  the  carpus,  the  elements  of  the  tarsus  vary 
considerably  in  the  different  groups,  but  the  centrale  (navicular)  is 
only  present  in  the  Anomodontia,  the  Proterosauria  (according  to 
Professor  Seeley),  one  family  of  Chelonians,  and  the  Ichthyo- 
pterygia ;  while,  with  the  exception  of  a  few  extinct  types,  and  perhaps 
the  existing  Chelonia,  the  fourth  and  fifth  tarsalia  in  all  land  forms 
coalesce  into  a  single  bone,  which  supports  the  fourth  and  fifth 
metatarsals.  In  certain  groups — such  as  the  Anomodontia  and 
many  of  the  Chelonia  (fig.  829) — the  number  of  phalangeals  in  the 
feet  of  pentedactylate  forms  may  be  the  same  as  in  Mammals,  or 
2>  3>  3»  3,  3 — the  digits  being  reckoned  from  the  first  to  the  fifth. 
In  Lizards,  however,  and  their  allies  the  number  of  phalangeals  is 
usually  2,  3,  4,  5,  3  in  the  manus,  and  2,  3,  4,  5,  4  in  the  pes. 
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The  same  numbers  obtain  in  some  Dinosauria;  but  in  existing 
Crocodilia,  in  which  the  fifth  digit  of  the  pes  is  aborted,  the 
numbers  are  2,  3,  4,  4,  3  and  2,  3,  4,  4.  Among  the  Sauro- 
pterygia  and  in  the  Ichthyopterygia  the  number  of  phalangeals  is 
greatly  increased.  In  a  large  number  of  forms  the  tail  is  long; 
but  it  is  generally  short  in  the  Anomodontia,  Sauropterygia,  and 
Chelonia. 

As  r^;ards  the  classification  of  Reptiles,  scarcely  any  two  writers 
agree  as  to  the  number  of  orders  into  which  the  class  should  be 
divided,  and  still  less  as  to  their  mutual  relations,  and  the  larger 
groups  under  which  these  orders  may  be  arranged.  There  is  indeed 
but  little  difficulty  in  regard  to  existing  forms,  in  which  the  few 
orders  have  become  more  or  less  sharply  differentiated ;  but  when 
we  go  back  to  the  early  part  of  the  Mesozoic  epoch,  we  find  that 
nearly  all  the  orders  into  which  the  class  has  been  divided  show 
such  signs  of  passing  more  or  less  completely  into  one  another,  that 
it  is  quite  impossible  to  exhibit  their  true  relationship  by  any  system 
of  linear  classification.  The  best  arrangement  seems,  therefore,  to 
group  the  orders  under  a  series  of  diverging  branches,  which  will 
approximate  to  one  another  more  and  more  as  we  recede  in  time — 
until,  about  the  epoch  of  the  Lower  Permian  or  possibly  the  Carbon- 
iferous, it  is  probable  that,  if  we  knew  all  the  extinct  forms,  these 
branches  would  be  seen  to  originate  either  from  one,  or  from  but  very 
few  parent  stems.  In  regard  to  the  number  of  these  branches,  there 
is  still  room  for  a  considerable  amount  of  discussion ;  almost  the 
only  absolutely  sm-e  ground  that  we  can  feel  being  the  association  of 
the  three  orders  forming  the  Archosaurian  branch.  To  a  less  extent 
the  same  remark  applies  to  the  orders  themselves  ;  and  the  right  to 
ordinal  distinction  of  the  Proterosauria  is  not  admitted  by  many 
writers,  while  there  is  not  perfect  accord  in  regard  to  that  of  the 
Rhynchocephalia.  The  provisional  arrangement  which  is  adopted 
in  diis  work  is  a  modification  of  one  recently  proposed  by  Dr  G. 
Baur,  of  New  Haven,  and  may  be  tabulated  as  follows,  viz. : — 

Theromorous  Branch,         Order  i.  Anomodontia. 
Synaptosaurian      .,  i    I      -  131^^" 

[     11      4.   Ichthyopterygia. 

c/ru^wk/zir/^///-  J     "       5-   Proterosauria. 

Streptostyhc  ..  \     ^^      g    Rhynchocephalia. 

1^  M  7.  Scjuamata. 

(  fi  8.  Dmosauria. 

Archosaurian         ti            \  n  9.  Crocodilia. 

(  II  I  a  Omithosauria. 

It  may  be  added  that  the  close  approximation  to  the  Amphibia 
presented  by  the  earlier  members   of  several   of  these  branches 
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suggests  the  idea  that  Reptiles  may  have  been  derived  from  the 
Amphibians  by  more  than  one  line  of  descent. 

The  Reptiles  in  the  passage  of  time  have  suffered  more  severely 
than  any  other  class  of  the  Vertebrata,  only  four  of  the  above-men- 
tioned ordinal  groups — viz.,  the  Chelonia,  Rhynchocephalia,  Squa- 
mata,  and  Crocodilia — ^now  existing ;  and  the  second  of  these  being 
represented  only  by  a  single  genus  with  two  species.  There  is  some 
doubt  as  to  the  earliest  known  appearance  of  the  class,  since  it  has 
been  thought  that  Mesosaurus  {Stereostemum)  may  be  of  Carbon- 
iferous age,  but  it  is  more  probably  Permian.  In  undoubted  Per- 
mian we  have  the  Proterosauria,  many  of  the  European  Anomo- 
donts,  and  the  Rhynchocephalian  genus  Palaohatteria ;  while 
many  of  the  American  Anomodontia  occur  in  strata  which  are 
referred  by  the  Transatlantic  geologists  to  that  period-  With 
the  advent  of  the  Trias  we  find  all  the  orders,  with  the  exception 
of  the  Omithosauria  and  Squamata,  more  or  less  fully  represented. 
And  while  the  former  order  makes  its  appearance  in  the  succeed- 
ing Lias,  we  have  at  present  no  traces  of  the  latter  till  the  topmost 
Jurassic.  The  class  reached,  however,  its  zenith  of  development 
in  the  Jurassic  and  Cretaceous  epochs;  the  greatest  number 
of  huge  aberrant  forms  being  characteristic  of  the  later  part  of 
the  former  and  the  earlier  part  of  the  latter  epoch.  Although  the 
one  existing  Rhynchocephalian  genus  is  closely  allied  to  Triassic 
forms,  yet  we  have  no  instance  among  Reptiles  of  the  existence  of 
a  genus  right  up  from  that  period  to  the  present  day,  as  we  have  in 
Ceratodtis  among  the  Pisces,  thus  indicating  that  the  higher  we 
ascend  in  the  scale  of  organisation,  the  more  rapid  is  the  change 
of  types — the  same  law  being  exemplified  by  the  occurrence  of  ex- 
isting species  of  Reptiles  among  the  totally  extinct  Mammals  of  the 
Indian  Siwaliks. 
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CLASS'  RE  PTI LI  A— continued. 


Orders  Anomodontia,  Sauroptbrygia,  and  Chelonia. 


Theromorous  Branch. — The  Reptiles  included  in  this  branch 
or  alliance  may,  for  the  present  at  least,  be  arranged  in  a  single  order, 
although  some  writers  would  prefer  to  regard  the  suborders  into 
which  this  order  is  here  divided  as  of  ordinal  importance.  The 
most  remarkable  features  found  in  this  order  are  the  resemblance  on 
the  one  hand  to  the  Labyrinthodont  Amphibia,  and  on  the  other  to 
the  Monotreme  Mammals. 

Order  I.  Anomodontia. — This  order,  which  is  equivalent  to  the 
Theromora  (Theromorpha)  of  Professor 
Cope,  presents  the  following  characteristic 
features.  The  body  is  lacertiform,  and 
the  limbs  are  adapted  for  walking.  The 
skull  is  comparatively  short,  with  a  fixed 
quadrate,  a  parietal  foramen,  either  one 
or  two  temporal  arcades,  and  large  nasals ; 
in  the  palate  the  pterygoids  meet  together 
in  front  of  the  basisphenoid,  which  they 
also  join,  but  diverge  anteriorly ;  while  the 
palatines  are  generally  small,  and  placed 
internally  to  the  pterygoids,  as  in  Mammals. 
When  the  temporal  arcade  consists  of  only 
a  single  chain  of  bones,  it  is  a  squamoso- 
maxillary  one  (p.  904).  The  dentition  is 
thecodont,  but  the  teeth  may  be  anchy- 
losed  to  the  bone.  The  vertebrae  have 
amphicoelous  and  in  some  cases  noto- 
chordal  centra;  the  dorsals  carrying  long 

transverse  processes,  and  the  ribs  articulating  by  double  heads  in 
the  anterior  region  of  the  trunk.     As  a  rule  abdominal  ribs  appear 


E»K'  978.— The  palmar  aspect 
of  the  left  humerus  of  Piyckosi- 
agum  Murrayi;  from  the  Karoo 
system  of  South  Africa.  Half 
natural  size.  <f,  Entepicondvlar 
foramen  Mrith  the  bridze  broicen 
away.    (After  Huxley.) 
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to  be  absent.  An  interclavicle,  clavicles,  and  precoracoids  are  pres- 
ent, and  a  sternum  was  probably  always  developed.  The  scapula 
(fig.  978  bis)  has  an  acromial  process  with  which  the  precoracoid 
articulates.  The  humerus  (figs.  978,  982),  is  characterised  by  its 
well-developed  distal  condyles,  and  the  invariable  presence  of  an 
entepicondylar  foramen ;  while  its  delto-pectoral  crest  is  generally 
much  developed.     In  the  pelvis  the  pubis  is  placed  entirely   in 

advance  of  the  ischium,  to  which  it  is 
completely  united,  with  the  presence  in 
some  forms  of  a  small  fontanelle  repre- 
senting the  obturator  foramen.  The 
ilium  may  have  almost  its  whole  body 
in  advance  of  the  acetabulum.  The 
tarsus  has  one  centrale;  and  the  phal- 
angeals of  the  manus  and  pes  are  typi- 
cally 2,  3,  3,  3,  3  in  number,  as  in 
Mammals,  the  whole  structure  of  the 
foot  being  likewise  of  a  Mammalian 
type. 

This  order  appears  to  be  confined  to 
the  Permian  and  Trias.  It  has  been 
considered  that  the  Anomodonts  are 
the  parent  stock  not  only  of  all  other 
Reptiles  (with  the  possible  exception  of 
the  Ichthyopterygia),  but  also  of  all 
Mammals.  Later  researches  do  not, 
however,  altogether  countenance  this 
view,  although  there  can  be  no  doubt 
that  they  are  closely  allied  to  the 
parent  stock  of  Mammals.  Recent 
observations  have  indeed  shown  pretty 
conclusively  that  this  order  is  directly 
descended  from  the  Labyrinthodont 
Amphibians,  and  more  especially  from 
Thus  in  the  small  size  or  absence  of  the 
obturator  foramen  in  the  pelvis  the  entire  order  shows  most  decided 
affinities  to  that  group ;  while  in  the  small  size  of  the  coracoid  of 
some  forms,  in  the  presence  of  a  distinct  precoracoid  (epicoracoid), 
of  very  distinct  condyles  to  the  humerus,  of  the  centrale  in  the 
tarsus,  and  also  in  the  number  of  phalangeals,  it  has  characters 
common  both  to  the  Labyrinthodonts  and  the  Monotremes,  which 
are  not  found  together  in  any  other  group  of  Reptiles.  These 
three  groups  also  resemble  one  another  in  the  non-development, 
as  a  general  rule,  of  abdominal  ribs ;  while  signs  of  aflSnity  be- 
tween them  are  shown  by  the  shortness  of  the  tail,  and  the  large 


Fig.  978  bis. — Lateral  aspect  of 
the  cartilage  bones  of  the  right  side 
of  the  pectoral  girdle  of  a  Dicyno- 


dont ;  from  the  Karoo  system  of 
Africa,  xc,  Scapula;  a,  Acromial 
process  of  do. ;  /.cor,  Precoracoid  ; 
cor^  coracoid ;  gl^  Glenoid  cavity. 
Half  natural  size. 


the  Archegosaurian  family. 
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size  of  the  exoccipital  elements  of  the  occipital  condyle  in  the 
present  order.  In  the  presence  of  an  entepicondylar  foramen  to  the 
humerus  the  Anomodonts  agree  with  Rhynchocephalians,  Sauro- 
pterygians,  and  Mammals.  In  many  cases  (fig.  978  bis)  the  precora- 
coid  forms  a  large  plate-like  bone  suturally  united  with  the  whole  of 
the  anterior  border  of  the  coracoid,  and  also  articulating  largely  with 
the  acromial  process  of  the  scapula ;  thus  exhibiting  a  parallelism 
between  the  structure  of  the  pectoral  and  pelvic  girdles  found  in  no 
other  reptiles.  The  above  features,  together  with  certain  points  in 
the  structure  of  the  palate  mentioned  below,  suggest  very  strongly 
the  descent  of  the  Monotreme  Mammals  from  the  same  primitive 
stock  as  that  which  gave  rise  to  the  Anomodonts.  If,  moreover,  Dr 
Baur  is  right  in  considering  that  this  order  does  not  include  the 
direct  ancestors  of  Mammals,  it  would  appear  that  the  development 
of  its  more  specialised  representatives  has  followed  a  course  in  some 
respects  parallel  to  that  of  Mammals. 

Suborder  i.  Pariasauria. — This  suborder  includes  the  most 
generalised  members  of  the  order,  which  make  the  nearest  approach 
to  the  Amphibia.     The  cranium  is  at  once  characterised  by  the 
roofing  over  of  its  postero-lateral  or  quadratic  region,  after  the  Laby- 
rinthodont  manner,  by  the  postorbital,  squamosal,  and  opisthotic 
bones.     Typically  the  palate,  which  approximates  to  an  Amphibian 
type,  and  has  been  compared  to  that  of  Nyrania  (fig.  825),  appar- 
ently has  no  flooring  of  the  nasal  passage  to  form  secondary  posterior 
nares.     The  skull  also  has  two  temporal  arcades,  and  the  external 
surface  of  the  cranial  bones  is  frequently  sculptured,  as  in  the  typical 
Labyrinthodonts.     The  vertebral  centra  retain  a  notochordal  canal ; 
the  number  of  sacral  vertebrae  was  limited  to  two,  of  which  only 
one  supports  the' ilium;  and  intercentra  may  be  present      The 
pelvis  is  of  a  Labyrinthodont  type,  the  ilium  forming  a  triangular 
plate  elongated  in  a  direction  oblique  to  the  axis  of  the  sacrum, 
with  which  it  articulates  obliquely;  and  there  being  no  obturator 
foramen  between  the  pubis  and  ischium.     The  humerus  probably 
belonging  to  this  group  differs  from  that  of  other  Anomodonts  in 
the  slight  expansion  of  the  extremities,  and  in  that  the  lower  aperture 
of  the  entepicondylar  foramen  opens  on  the  distal  surface  of  the  bone. 
Family  PARiASAURiDiE. — ^The  type  genus  Pariasaurus  occurs  in 
the  Beaufort  beds  of  the  Karoo  system  of  South  Africa,  of  which  the 
vertebrate  &una  presents  a  Triassic  facies.     The  best  known  species 
(P,  bonUndens)  attains  the  dimensions  of  a  large  crocodile ;  and,  with 
the  unfortunate  exception  of  the  limbs,  the  entire  skeleton  is  known, 
and  has  been  described  by  Professor  Seeley.     In  addition  to  the 
sculpture  on  the  bones  of  the  skull,  mucous  canals,  like  those  of  the 
Labyrinthodonts,  are  also  present.     The  teeth  are  of  uniform  size, 
and,  although  anchylosed  to  the  bone,  are  set  in  distinct  sockets. 
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and  were  replaced  after  the  Crocodilian  manner ;  their  crowns  being 
somewhat  compressed  and  grooved.  The  premaxillae  appear  to 
have  been  small,  as  in  the  Amphibia.  There  are  29  vertebrae, 
of  which  18  are  presacral,  and  two  are  anchylosed  together  to 
form  a  sacrum;  while  wedge-shaped  intercentra  are  also  present 
The  neural  spines  are  extremely  short,  and  the  centra  of  the  dorsal 
vertebrae  are  very  small  in  proportion  to  their  arches ;  and  only  the 
first  sacral  vertebra  supports  the  ilia  of  the  pelvis.  Small  ribs  are 
present  in  the  caudal  region;  and  there  was  probably  a  dermal 
armour. 

Professor  Seeley  concludes  that  this  very  remarkable  and  Amphibian- 
like Reptile  is  a  direct  descendant  from  the  Labyrinthodonts  ;  the  chief 
affinities  to  that  group  being  displayed  in  the  characters  of  the  skull ; 
in  the  notochordal  canal,  and  the  large  arches  of  the  vertebrae ;  in  the 
support  of  the  pelvis  by  a  single  vertebra  ;  as  well  as  in  the  characters 
of  the  pectoral  and  pelvic  girdles.  The  latter  features,  together  with 
the  general  structure  of  the  palate,  being  identical  with  those  of  typical 
Anomodonts,  there  appears  every  reason  for  referring  this  family  to  a 
suborder  of  that  group. 

The  genus  Propappus  is  founded  upon  a  humerus,  from  the 
Karoo  system  of  the  Cape,  of  the  above-mentioned  type,  and  there 
is  no  direct  evidence  of  its  distinctness  from  Fariasaurus,  The 
innominate  bone  referred  to  Dicynodon  Uoniceps  probably  belongs, 
however,  to  Propappus^  which  may  thus  be  entitled  to  stand. 
The  pelvis  and  sacrum  described  under  the  name  of  Dicynodon 
tigriceps  also  seem  to  indicate  a  member  of  this  suborder,  since  the 
ilium  is  of  the  same  type  as  in  Pariasaurus^  and  is  connected  with 
the  sacrum  by  only  a  single  rib,  while  there  is  no  obturator 
foramen. 

From  the  general  resemblance  of  its  skull  to  that  of  PariasauruSy 
we  may  refer  to  this  family  the  genus  Anthodon^  of  the  South 
African  Karoo  system,  which,  although  originally  regarded  by  Sir  R. 
Owen  as  a  Dinosaur,  must  be  included  in  the  present  order.  It 
agrees  with  Pariasaurus  in  the  roofing  over  of  the  quadratic  region, 
and  the  continuous  replacement  of  the  teeth,  which  are  in  a  uniform 
series ;  but  differs  in  the  form  of  the  teeth,  which  resemble  those  of 
the  Dinosaurian  Acanthopholis. 

Family  PARiOTicHiDiE. — This  family,  although  agreeing  with  the 
Pariasaurida  in  the  sculptured  cranial  bones  and  the  roofing  over 
of  the  quadratic  region,  differs  in  the  dentition  being  of  a  carni- 
vorous type.  All  the  known  genera  are  from  the  reputed  Permian 
of  North  America ;  and  the  family  is  included  by  Professor  Cope  in 
the  next  suborder.  The  three  genera  are  Pariotichus^  Ectocynodon^ 
and  Pantylus,  In  Ectocynodon  the  first  premaxillary  tooth  is  tusk- 
like, and  there  is  also  an  enlarged  tooth  in  the  middle  of  the  maxil- 
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lary  series.  The  nostrils  are  large  and  lateral ;  and  at  the  junction 
of  one  of  the  bones  of  the  palate  with  the  maxilla,  the  tooth-bearing 
surface  is  wide,  and  supports  four  parallel  rows  of  small  obtuse  teeth. 
In  PantyluSy  which  was  originally  described  as  a  Labyrinthodont, 
the  teeth  are  more  equal  in  size. 

Suborder  2.  Therigdontia. — ^This  suborder,  which  is  taken 
(after  Dr  Baur)  to  include  the  Pelycosauria  of  Professor  Cope,  is 
characterised  by  the  absence  of  a  bony  roof  over  the  quadratic 
region  of  the  skull,  and  the  presence  of  only  a  single  wide  temporal 
arch  (fig.  979),  apparently  consisting  of  a  conjoint  squamoso- 
maxillary  and  quadrato-maxillary  arcade.  The  mandible  has  no 
lateral  vacuity. 

In  some  cases,  as  in  the  American  forms,  the  vertebrae  are  still 
notochordal ;  intercentra  may  be  developed,  to  which  the  capitular 
heads  of  the  ribs  are  articulated,  and  there  are  not  more  than 
two  or  three  sacral  vertebrae.  The  dentition  is  fully  developed.  In 
the  palate  of  the  African  forms  at  least  the  maxillae  develop  palatal 
plates  to  floor  the  nasal  passage,  and  thus  produce  tall  and  nearly 
vertical  posterior  nares,  strikingly  like  those  of  Mammals.  The 
preroaxillae  remain  separate. 

In  those  of  the  typical  African  forms  in  which  the  pelvis  is 
known,  the  ilium  is  somewhat  intermediate  between  that  of  the 
Pariasauria  and  Dicynodontia,  having  a  distinct  but  small  obturator 
foramen.  The  humerus  is  usually  more  or  less  of  a  Dicynodont 
type,  having  expanded  extremities,  and  the  entepicondylar  foramen 
with  its  lower  aperture  opening  on  the  palmar  aspect  of  the  bone 
(fig.  982) ;  there  is  generally  a  marked  thin  flange  on  the  postaxial 
border  opposite  this  foramen  which  does  not  occur  in  the  Dicy- 
nodonts. 

Although  evidentiy  nearly  related  to  the  Pariasauria  the  present 
group  departs  farther  from  the  Labyrinthodont  type,  as  is  shown  by 
the  loss  of  the  roofing  bones  in  the  quadratic  region,  as  well  as  of 
the  superior  temporal  arcade,  and  by  the  absence  of  sculpture  or 
mucous  canals  on  the  skull.  This  advance  is  also  indicated  by  the 
development  of  secondary  posterior  nares,  by  the  fuller  attachment 
of  the  ilia  to  the  sacrum,  and  the  relatively  larger  centra  of  the 
vertebrae  of  the  higher  types ;  as  well  as  by  the  development  of  the 
obturator  foramen  in  the  pelvis. 

Family  TAPiNOCEPHALiDiE. — ^This  family  may  be  taken  to  in- 
clude two  gigantic  Anomodonts  from  the  Karoo  system  of  the  Cape, 
described  under  the  names  of  Tapinocephaius  and  Titanosuchus. 
The  former  \s  known  typically  by  the  extremity  of  the  cranium ;  the 
vertebrae  probably  belonging  to  it  having  short  and  notochordal 
centra.  A  pelvis,  found  in  association  with  some  limb  bones,  has 
been  described  under  the  name  of  Fhacosaurus^  but  there  is  no 
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evidence  to  show  that  it  does  not  belong  to  Tapinocephalus,  These 
associated  bones  show  that  the  coracoid  was  distinct  from  the 
precoracoid,  and  that  the  short  and  massive  humerus  had  no 
ectepicondylar  foramen.  In  Titanosuchus  the  dentition  (as  was 
probably  the  case  with  Tapinocephalus)  was  of  a  carnivorous  type ; 
the  humerus  is  characterised  by  the  presence  of  an  ectepicondylar 
foramen  (in  addition  to  the  entepicondylar),  which  pierced  right 
through  the  shaft  of  the  bone ;  while  a  bone  incorrectly  described 
as  the  pubis  shows  that  the  precoracoid  was  fused  with  the 
coracoid. 

Family  GALESAURiDiE. — Nearly  the  whole  of  the  typical  Therio- 
dontia  of  Sir  R.  Owen  may  be  provisionally  included  in  this  family, 

since,  although  some 
genera  have  single  and 
others  double  nares,  the 
skulls  of  the  two  types 
so  closely  resemble  one 
another  as  apparently  to 
render  it  impossible  to 
refer   them   to    distinct 

Fig.  979. -Left  lateral  aspect  of  the  skull  of  GaUtaums  families.  The  family  is 
planiceps;  from  the  Karoo  system  of  South  Africa.  Re-  oKQra/>*AricAH  Kv  tV^A 
duced.   C>r,  Orbit.   Only  some  of  the  cheek-teeth  arc  shown.       CnaraCtensea        Dy       tnC 

humerus  (when  known) 
being  of  a  more  elongated  type  than  in  the  preceding  family,  and 
by  the  smaller  size  of  its  members ;  while  the  vertebrae  were  probably 
different  from  those  of  the  latter,  and  had  no  intercentra.  The 
dentition  is  of  a  carnivorous  type,  and  differentiated  into  an  anterior, 
or  incisive,  series  separated  by  one  large  tusk  or  canine-like  tooth, 
from  a  lateral  series  of  cheek  (or  molar)  teeth ;.  thus  simulating  the 
dentition  of  carnivorous  Mammals,  and  more  especially  that  of  the 
polyprotodont  Mesozoic  Marsupials.  There  are  no  teeth  on  the 
palate.  The  majority  of  the  genera  are  from  the  Stormberg  and 
Beaufort  beds  of  the  Karoo  system  of  South  Africa;  and  we  are 
mainly  indebted  for  our  knowledge  of  the  group  to  the  labours 
of  Sir  R.  Owen. 

In  the  type  genus  Galesaurus,  with  which  Nythosaurus  is  identi- 
cal, the  skull  (fig.  979)  is  much  depressed,  with  the  nares  divided 
by  a  narrow  septum ;  there  are  4  anterior  and  1 2  cheek-teeth,  the 
latter  having  tricuspid  crowns.  In  Lycosaurus  (fig.  980,  a,  c)  we 
have  larger  forms  distinguished  by  the  lateral  compression  of  the 
skull,  the  distinctly  double  nares,  short  mandibular  symphysis,  and 
by  the  number  of  the  cheek-teeth  being  reduced  to  5  ;  the  develop- 
ment of  the  tusks  being  very  great  jEIurosaurus^  again,  appears 
to  be  a  nearly  allied  but  still  more  specialised  genus,  in  which,  by 
the  reduction  of  the  septum,  the  nares  have  united  to  form  a  single 
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opening.  Cynodraco  (fig.  980,  b)  also  includes  large  forms  with 
greatly  developed  tusks,  having  compressed  crowns  with  serrated 
edges  like  those  of  the  Mammalian  genus  Macharodus ;  the  nares 
being  divided.  Other  genera  from  the  Karoo  system  showing  the 
latter  feature  are  Cynochampsa^  Cynosuchus^  and  Scaloposaurus ;  the 
latter  being  one  of  the  smallest  known  forms.  Tigrisuchus,  again, 
is  distinguished  by  its  single  nares ;  while  Gorgonops^  of  the  same 
deposits,  has  a  narrow  flattened  skull,  with  the  arrangement  of  the 
nares  different  from  that  obtaining  in  all  the  preceding  genera,  and 


Fif .  oSow— A,  c.  Anterior  and  lateral  views  of  the  skull  of  Lycosaurus  ;  b,  Anterior  view  of  the 
skull  f/Cjtudrmc0  ;  from  the  Karoo  system  of  South  Africa.  Reduced,  c  indicates  the  twik* 
like  (canine)  teeth.    (After  Owen.) 

may  indicate  a  distinct  family.  Deuterosaurus  and  other  forms 
from  the  Permian  of  Russia,  which  are  included  by  Sir  R.  Owen  in 
the  typical  Theriodontia,  are  noticed  below. 

Family  CLEPSVDROPiDiE. — This  name  is  applied  by  Professor 
Cope  to  carnivorous  Theriodontia,  distinguished  from  the  Gale- 
saurida  either  by  the  development  of  teeth  on  the  palate,  or  by 
the  extraordinary  character  of  their  dorsal  vertebrae,  in  which 
large  intercentra  are  typically  present.  All  the  genera  are  typically 
from  the  reputed  Permian  deposits  of  North  America.  In  the 
type  genus  Ciepsydrops  the  premaxillary  and  maxillary  teeth  are 
of  unequal  size,  and  the  dentary  bone  of  the  mandible  has  two 
enlarged  tusks  near  its  extremity.  Teeth  are  also  borne  on  the 
pterygoids ;  and  the  neural  spines  of  the  dorsal  vertebrae  are  not 
excessively  elongated.  In  Dimetrodon^  the  most  remarkable  char- 
acter is  the  extraordinary  development  of  the  neural  spines  of  the 
dorsal  vertebrae,  which  resembled  those  of  Naosaurus  (fig.  981), 
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with  the  exception  of  having  no  horizontal  processes.  The  height 
of  the  spine  in  one  species  is  more  than  twenty  times  the  length 
of  the  centrum ;  and  Professor  Cope  concludes  that  these  spines 
formed  a  kind  of  elevated  fin  on  the  back,  of  which  it  is  difficult 
to  imagine  the  use.  Naosaurus  differs  from  the  preceding  by  the 
above-mentioned  horizontal  processes  on 
the  spines  of  the  vertebrae  (fig.  981). 
The  premaxilla  had  one  tusk;  and  there 
were  two  similarly  enlarged  teeth  near  the 
anterior  extremity  of  the  maxilla,  behind 
which  comes  a  series  of  some  twelve  teeth 
of  equal  size,  with  compressed  and  slightly 
recurved  crowns.  Numerous  small  obtuse 
teeth  are  also  dotted  over  the  palatines  and 
I  pterygoids.     This  genus  has  also  been  re- 

L  corded   from   the   Permian    of    Bohemia. 

P^""*^         Other  American  genera  included  in  this 
I  family  by  its  founder  are  EmbolopkoruSy 

I  Edaphosaurus^   Archaobelus^    Theropkura^ 

1^  and     perhaps     Lysorophus  —  Theropleura 

i^"""^"*"^     being   characterised    by  the  presence  of 
well-developed  abdominal  ribs. 

Here  may  be  mentioned  the  genus  Ster- 
eorhachis^  from  the  Lower  Permian  of 
France,  of  which  the  lateral  cheek-denti- 
tion presents  a  considerable  resemblance 
to  that  of  Naosaurus,  although  it  is  not 
known  whether  teeth  were  present  on  the 
palate.  The  neural  spines  of  the  vertebrae 
are  of  normal  type;  but  it  is  not  known 
whether  intercentra  were  present,  or  whether 
the  centra  were  notochordal.  The  humerus 
{fig,  982)  differs  from  that  of  the  GaUsau- 
rida  in  the  contour  of  the  distal  extremity. 
Professor  Seeley  regards  the  above-mentioned  humerus  from  the 
Karoo  system  of  the  Cape,  described  by  him  under  the  name  of 
PropappuSy  as  indicating  an  allied  form,  but  there  is  nothing  to 
justify  this  association.  Stereorhac)Us  may  constitute  the  type  of  a 
distinct  family,  but  there  is  at  present  no  evidence  to  support  the 
view  that  this  genus  (together  with  Fropappus)  represents  a  distinct 
order,  for  which  the  name  Gennetotheria  has  been  proposed. 

Family  BoLosAURiDiE. — This  family  is  also  typically  known 
from  the  reputed  Permian  of  North  America,  where  it  is  repre- 
sented by  the  genera  Bolosaurus  and  Chilonyx,  In  the  former, 
the  teeth  are  fixed  in  shallow  alveoli,  and  have  their  crowns  ex- 


Fig.  981.— Anterior  view  of 
dorsal  vertebra  of  Naosaurut 
clavigerl  from  the  Permian  of 
Texas.  One-sixth  natural  site. 
C«,  Centrum^    (After  Cope.) 
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panded  transversely  to  the  axis  of  the  jaws.  These  crowns  are 
swollen  at  their  base,  and  have  a  low  apex  vertically  divided  into 
two  portions,  of  which  the  inner  one  in  the  upper  jaw  is  low  and 
horizontal,  and  the  outer  forms  a  curved  claw-like  cusp  —  the 
anterior  teeth  consisting  simply  of  an  inner  ledge  and  the  outer 
cusp,  and  there  being  no  enlarged  tusks.  Metarmosaurus^  of  the 
same  deposits,  may  perhaps  be  referable  to  this  family. 

In  the  large  Deuterosaurus^  from  the  Russian  Permian,  the  pre- 
maxillary  teeth  (fig.  983)  approximate  to  the  description  of  those 
of  BolosauruSy  but  there  are  large 
tusk-like  teeth  resembling  those  of 
the  Gaksaurida  behind  the  five  pre- 
maxillary  teeth ;  the  nares  being  di- 
vided. This  genus  may  be  regarded 
as  representing  a  distinct  carnivorous 
family.  A  tooth  from  the  Karoo 
system  of  South  Africa,  having  the 
general  characters  of  the  anterior 
teeth  of  Deuterosaurus,  but  with  the 
lateral  borders  of  the  inner  surface 
of  the  crown  forming  ridges,  has 
been  made  the  type  of  the  genus 
Glaridodon.  An  associated  series  of 
bones  in  the  British  Museum  may 
belong  to  the  same  form ;  the  verte- 
brae are  notochordal,  and  the  humerus 
agrees  in  size  with  the  one  mentioned 
below  as  Brithopus.  Here  may  be 
noticed  the  genus  Rhopalodon^  from 
the  Permian  of  Russia,  founded  upon      ^ .«      *  .  •  •  r  .u  • 

1  •   1  \  Fig.  98a.— Antenor  aspect  of  the  wnpcr- 

a  mandibular  ramus  which  may  be-  f«ct  left  humerus  of  sttrtorhachu  dom- 

1^-      *.       ^i_  /■        M  T\     \.  xVuMw;  from  the  Lower  Permian  of  France. 

Jong   to   the    same   lamily.       Perhaps,    One-half  natural  sue.    (After  Gaudry.) 

however,  the  most  remarkable  speci- 
men firom  these  deposits  is  the  distal  portion  of  a  large  humerus 
described  under  the  name  Brithopus  (Eurosaurus) ;  the  proximal 
end  of  another  humerus,  which  has  received  the  name  of  Orthopus^ 
probably  belonging  to  the  same  species.  The  former  specimen 
is  remarkable  for  having  both  ectepicondylar  and  entepicondylar 
foramina — a  condition  elsewhere  known  only  in  Titanosuchus  and 
Sphenodon.  Dr  Baur  has  suggested  that  this  specimen  may  belong 
to  a  Rhynchocephalian,  but  it  is  certain  that  it  is  referable,  as  Sir  R. 
Owen  first  pointed  out,  to  the  present  suborder;  and  it  is  quite 
likely  that  it  may  prove  to  belong  to  Deuterosaurus^  in  which  case 
this  name  should  be  superseded. 

Family  DiADEcriDiE. — ^This  family  is  also  founded  upon  genera 
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from  the  Permian  of  North  America,  and  includes  Diadectes^  Em- 
pedias  (Empedocks\  and  Helodectes,  The  teeth  (fig.  984)  are 
transversely  elongated  like  those  of  Bolosaurus^  and  are  also 
divided  by  a  median  vertical  ridge;  but  both  the  inner  and  the 
outer  moieties  are  equally  low.  Their  alveoli  are  not  separated, 
and  the  edges  of  the  crowns  are  obtuse,  with  tuberosities  on  some 
of  them  distinct  from  the  apex  of  the  main  ridge.  Professor  Cope 
regards  this  peculiar  type  of  dentition  as  indicative  of  a  herbivorous 
diet.  The  brain-case  differs  from  that  of  the  Clepsydropida  in  a 
manner  analogous  to  that  in  which  the  brain-case  of  the  Varanid^t 


Fig'  983.— Lateral  view  of 
a  premaxillary  tooth  of  Deu- 
terosaurus  biarmkus  ;  from 
the  Upper  Permian  of  Russia. 
Half  natural  size. 


Fig.  984.— Lateral  and  palatal  view 
of  a  posterior  tooth  of  Emptdias  mo- 
laris :  from  the  Permian  of  North 
America. 


is  distinguished  from  the  same  part  in  other  Lacertilia — that  is,  it  is 
continued  between  the  orbits  so  as  to  enclose  the  olfactory  lobes 
in  bone.  PhanerosauruSy  from  the  Permian  of  Germany,  is  referred 
by  Professor  Cope,  from  the  structure  of  its  vertebrae,  to  this  or  the 
preceding  family. 

Suborder  3.  Dicvnodontia. — In  this  suborder  the  vertebrae 
have  no  notochordal  canal;  intercentra  are  wanting;  and  the 
sacrum  includes  from  four  to  five  vertebrae.  There  is  in  no  case 
more  than  one  pair  of  teeth  in  the  alveolar  borders  of  the 
upper  jaw,  while  there  are  none  in  those  of  the  mandible.  The 
palate  is  of  the  general  type  of  that  of  the  Theriodonts,  but  the 
premaxillae  unite  to  form  a  single  beak-like  bone,  and  the  mandibular 
symphysis,  which  is  very  deep  and  laterally  compressed,  is  likewise 
anchylosed.  The  nares  are  double ;  and  it  is  probable  that  in  some 
forms  a  part  or  the  whole  of  the  alveolar  borders  of  the  mandible 
was  sheathed  in  horn;  while  the  mandibular  rami  have  lateral 
vacuities  (fig.  985,  b).  There  is  a  single  temporal  arcade,  which 
appears  to  be  a  squamoso-maxillary  one.  In  the  pelvis  the  ilium  is 
much  expanded  in  an  antero-posterior  direction,  the  expanded  plate 
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lying  nearly  parallel  to  the  sacrum ;  and  there  is  a  small  obturator 
foramen.  The  humerus  (fig.  978)  is  expanded  at  the  two  ex- 
tremities, with  a  prominent  deltopectoral  crest,  ^  and  with  the  lower 
aperture  of  the  entepicondylar  foramen  opening  on  to  the  palmar 
aspect  The  members  of  this  group  are  found  in  the  Stormberg 
and  Beaufort  beds  of  the  Karoo  system  of  South  Africa,  and  the 
equivalent  Gondwanas  of  Central  India. 

Family  DiCYNODONXiDiE. — ^This  family  is  characterised  by  the 
absence  of  teeth  on  the  palate.  The  type  genus  Dicynodon  was 
the  first  known  representative  of  the  order,  and  was  originally 
described  by  Sir   R.    Owen  from  specimens  brought  from   South 


Fig.  985.~LatenI  view  of  the  skull  of  (a)  Dicynotion  lacertice^s^  and  (b)  Udenodon  Baini; 
from  the  Karoo  system  of  South  Africa.     Reduced.    (After  Owen.) 


Africa.  It  is  characterised  by  the  presence  of  a  tusk-like  tooth 
(fig.  985,  a)  growing  from  a  persistent  pulp  in  each  maxilla — the 
rest  of  the  jaws  being  edentulous,  with  trenchant  edges.  The 
profile  of  the  skull  is  rounded,  the  maxillae  are  not  strongly  ridged, 
the  nares  are  approximated  to  the  muzzle,  and  the  supraoccipital 
forms  a  broad  bar  above  the  foramen  magnum.  This  genus  may 
also  occur  in  the  Panchet  stage  of  the  Indian  Gondwanas.  In 
D,  tigriceps  the  skull  has  a  length  of  20  inches.     In  Ftychosiagum^ 

*  The  deltopectoral  crest  is  the  ridge  on  the  right  side  of  the  upper  half  of  the 
figure. 

*  This  new  name  is  proposed  in  lieu  of  PtychogncUhuSy  which  is  preoccupied. 

VOL.  II.  M 
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{Ptychognathus)  there  is  also  a  pair  of  tusk-like  upper  teeth,  but 
the  skull  is  angulated,  with  strong  ridges  on  the  maxilla,  the  nares 
far  behind  the  muzzle,  and  only  a  very  narrow  supraoccipital  bar 
above  the  foramen  magnum.  The  typical  species  are  from  South 
Africa,  but  another  representative  of  the  genus  occurs  in  the 
Gondwanas  of  Central  India,  which  was  originally  described  as 
Dicynodon  arientalis,  A  very  imperfect  and  flattened  skeleton  from 
the  Karoo  system  has  been  made  the  type  of  the  genus  Cirogna^ 
tkus^  which  is  said  to  be  characterised  by  the  small  size  of  the 
canine-like  tooth,  and  the  presence  of  only  two  phalangeals  in  all 
the  digits  except  the  third.  It  appears,  however,  that  these  alleged 
differences  do  not  really  exist,  the  difference  in  the  humerus  being 
due  to  a  comparison  of  opposite  aspects,  and  the  number  of 
phalangeals  being  apparently  normal,  so  that  this  form  probably 
belongs  to  Dicynodon,  The  same  remark  will  apply  to  part  of  a 
skeleton  from  the  same  beds  upon  which  the  genus  Eurycarpus  has 
been  founded.  The  genus  Udenodon  (jOudenodon)  is  characterised 
by  the  total  absence  of  teeth  (fig.  985,  b),  but  is  otherwise  so 
closely  allied  to  Dicynodon  that  it  must  certainly  be  included  in  the 
same  family.  The  nares  are  somewhat  approximated  to  the  orbits, 
and  the  profile  of  the  muzzle  is  rounded.  It  occurs  in  the  Karoo 
system  of  the  Cape  Colony;  and  some  of  its  representatives  at- 
tained very  large  dimensions.  Cistecephalus  {Kistecephcdus)  com- 
prises smaller  forms  from  the  same  beds,  in  which  the  skull  is  much 
depressed,  with  the  orbits  directed  frontally.  There  was  a  pair  of 
tusks  in  the  maxillse. 

The  name  Platypodosaurus  has  been  applied  to  a  considerable 
portion  of  the  skeleton  of  a  Dicynodont,  from  the  Karoo  system,  of 
which  the  skull  is  unfortunately  unknown,  and  which  may  prove  to 
be  identical  with  Udenodon^  unless  it  belong  to  Endothiodon,  The 
remarkably  Mammalian  structure  of  the  pelvis,  in  which  there  is 
a  small  obturator  foramen  between  the  pubis  and  the  ischium,  is 
fully  noticed  in  Sir  R.  Owen's  description  of  the  specimens. 

Family  ENDOTHiODONTiDiE. — The  remarkable  genus  Endothi- 
odon,  comprising  large  reptiles  from  the  Karoo  system  of  the  Cape, 
forms  the  type  of  a  family  distinguished  from  the  preceding  by  the 
presence  of  teeth  on  the  palate.  The  skull  presents  a  strong  gen- 
eral resemblance  to  that  of  Udenodon,  but  the  muzzle  is  more 
elongated,  and  the  nares  are  terminal  and  overhung  by  the  massive 
nasals.  The  alveolar  borders  of  the  jaws  are  trenchant,  but  the  oral 
surface  of  the  palate  and  mandible  carry  one  or  more  longitudinal 
rows  of  columnar  and  cylindrical  teeth.  The  remarkably  Mam- 
malian type  of  the  palate  of  Endothiodon  is  noteworthy.  The  skull 
from  the  same  deposits  described  as  Theriognathus  seems  to  belong 
to  Endothiodon, 
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Endothiodon  has  been  compared  to  the  Rhynchocephalian  Rhyncho- 
saurida  and  also  to  Flacodus;  but  although  there  is  a  marked  super- 
ficial resemblance  between  the  three  forms  in  the  palate  and  teeth, 
yet  this  resemblance  is  but  apparent,  since  while  in  Endothiodon  the 
teeth  are  borne  on  a  secondary  bony  floor  beneath  the  narial  passage, 
in  the  other  genera  they  are  supported  on  the  proper  surface  of  the 
palate,  on  which  the  posterior  nares  open  directly,  without  the  inter- 
vention of  a  secondary  passage. 

Suborder  4.  Procolophonia. — According  to  a  recent  observer 
the  genus  Procoiophon^  represented  by  comparatively  small  forms 
from  the  Karoo  system  of  the  Cape,  differs  so  decidedly  from  the 
Theriodontia  that  it  is  entitled  to  form  a  distinct  suborder,  showing 
marked  signs  of  affinity  with  the  Rhynchocephalia.  The  Procolo- 
phonida  have  a  full  dentition,  but  no  tusk-like  teeth,  and  the  nares 
are  double.  Although  the  pectoral  girdle  still  has  a  distinct  pre- 
coracoid,  yet  its  whole  characters  approximate  to  those  of  the 
Rhynchocephalian  genus  Sphenodon,  The  humerus  also  resembles 
the  corresponding  bone  of  the  latter ;  and  in  the  skull  the  pterygoids 
extend  forwards  in  the  same  manner  to  join  the  vomers  and  exclude 
the  palatines  from  the  middle  line ;  while  there  are  no  secondary  pos- 
terior nares ;  and  teeth  are  borne  on  both  the  pterygoids  and  vomers, 
as  in  the  young  of  Sphenodon, 

Group  Placodontia. — Our  sole  knowledge  of  this  group,  repre- 
sented by  Flacodus  (fig.  986)  and  Cyamodus  of  the  Middle  Trias,  or 
Muschelkalk  of  Germany,  is  derived  from  the  skull,  so  that  we  are 
at  present  to  a  great  extent  in  the  dark 
as  to  their  true  affinities.  These  forms, 
after  having  been  regarded  as  Ganoid 
Fishes,  were  referred  by  Sir  R.  Owen  to 
the  Sauropterygia ;  and  the  type  genus 
resembles  the  Nothosaurs  in  the  back- 
ward position  of  the  nares  and  the  form 
of  the  cranial  rostrum.  The  skull  has, 
indeed,  been  said  to  present  many  points 
of  resemblance  to  that  of  the  Anomo- 
donts,  and  more  especially  Endothiodon^ 
to  which  genus  it  is  considered  by  Sir 
R.  Owen  to  be  closely  allied.  The  re- 
semblance in  the  form  of  the  palate  is, 
however,  as  already  mentioned,  only  a 
superficial  one ;  the  present  form  having 
no  floor  to  the  narial  passage,  and  the  pos- 
terior nares  opening  directly  into  the  roof  of  the  mouth  by  horizontal 
apertures,  as  in  the  Sauropterygia.  The  skull  is  broad  posteriorly, 
with  double  nares,   a  deep   and   apparently   compound   temporal 


Fig.  986.— The  imperfect  palate 
of  Flacodus  trigas;  from  the  Mus- 
chelkalk of  Bayteuth.  One-fourth 
natural  size.  When  entire  the  muzzle 
would  form  a  produced  rostrum. 
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arcade,  and  a  postorbital  bar.  The  palatal  teeth  (fig.  986)  resemble 
paving-stones,  and  were  probably  adapted  for  •crushing  hard  sub- 
stances like  the  shells  of  Molluscs.  In  the  upper  jaw  the  teeth 
are  arranged  in  an  outer  or  maxillary  series  of  small  ones,  and 
an  inner  or  palatine  series  of  larger  ones;  all  being  implanted  in 
shallow  sockets  and  replaced  by  vertical  successors.  In  the  mandible 
there  is  but  one  row  of  teeth.  The  number  of  palatal  teeth  varies  in 
the  different  forms ;  and  there  are  also  modifications  in  the  size  and 
contour  of  these  teeth,  which  aid  in  affording  generic  and  specific 
characters.  The  premaxillary  teeth  may  be  of  a  more  or  less 
prehensile  type.  Till  the  vertebrae  and  limb-bones  are  known  the 
position  of  these  forms  must  remain  uncertain;  but  it  may  be 
remarked  that  all  the  known  limb-bones  from  the  Muschelkalk, 
except  those  of  Dinosauria,  appear  to  be  of  a  Sauropterygian  type. 

In  the  typical  genus  Flacodus  the  skull  is  comparatively  narrow, 
and  has  a  long  rostrum  produced  considerably  in  advance  of  the 
nares.  The  palatal  teeth  (fig.  986)  have  polygonal  crowns,  those  of 
the  palatine  series  being  three  in  number  on  either  side,  and  closely 
approximated ;  while  the  three  premaxillary  teeth  are  more  or  less 
chisel-like,  and  are  separated  by  an  interval  from  those  on  the  palate. 
The  mandible  has  a  long  symphysis,  and  two  pairs  of  cutting-teeth. 
The  maxillary  teeth  may  be  either  four  or  five  on  either  side. 
Cyamodus  is  readily  distinguished  by  the  great  width  and  shortness 
of  the  cranium,  which  has  no  distinct  rostrum,  with  the  nares  placed 
at  the  muzzle  and  the  premaxillse  fused  together.  The  palatal  teeth 
have  rounded  crowns,  the  crown  of  the  last  palatine  being  very 
large ;  there  may  be  either  two  palatine  and  three  maxillary,  or  two 
maxillary  and  three  palatine  teeth.  There  were  but  two  pairs  of 
premaxillary  teeth,  which  are  not  chisel-like.  In  the  lower  jaw  the 
symphysis  was  triangular  and  comparatively  short,  and  was  probably 
devoid  of  teeth. 

Recently  Dr  Giirich  has  proposed  the  name  Pleurodus  for  an 
allied  form  from  the  Muschelkalk  of  Silesia,  but  since  this  term  is 
preoccupied  for  a  Crocodilian  genus  it  will  have  to  be  changed. 

SvNAPTOSAURiAN  BRANCH. — According  to  Dr  Baur's  scheme  of 
classification  this  branch  comprises  the  orders  Sauropterygia  and 
Chelonia ;  although  Professor  Cope  and  Mr  Boulenger  would  also 
include  the  Rhynchocephalia.  The  t5rpical  Proganosauria  of  Dr 
Baur  may  be  merged  in  the  Sauropterygia.  Although  the  Sauro- 
pterygia and  Chelonia  present  many  characters  in  common,  yet  it  is 
not  easy  to  give  a  definition  of  this  branch.  In  all,  however,  the 
quadrate  is  firmly  united  to  the  skull ;  and  all,  or  nearly  all,  of  the 
dorsal  ribs  articulate  with  the  vertebrae  by  single  heads.  As  a  gene- 
ral rule  the  palate  is  more  or  less  completely  closed,  the  pterygoids 
generally  extending  forwards  to  join  the  vomers.     There  may  be 
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either  one  or  two  temporal  arcades.  A  parietal  foramen  is  present 
at  least  in  the  young.  In  all  cases  ossifications  are  developed  upon 
the  ventral  aspect  of  the  body,  either  in  the  form  of  abdominal  ribs, 
or  of  a  plastron  j  but  there  are  none  in  the  sclerotic  of  the  eye. 
The  sacral  ribs  are  connected  with  the  vertebrae  by  upper  and  lower 
articulations ;  and  when  chevrons  are  present  they  are  mainly  or  ex- 
clusively attached  to  the  hinder  borders  of  the  caudal  centra.  A 
precoracoid  anchylosing  to  the  scapula  may  be  present  in  the  pec- 
toral girdle ;  and  in  the  pelvis  the  pubis  and  ischium  have  expanded 
and  flattened  ventral  surfaces,  and  the  obturator  foramen  may  be 
completed  by  the  union  of  the  ischium  with  the  pubis  of  the  same 
side.  There  is,  moreover,  a  considerable  structural  resemblance 
between  the  limb-bones  of  the  more  generalised  forms  of  the  two 
orders,  these  bones  always  having  terminal  epiphyses;  and  the 
tarsus  in  both  may  be  of  a  very  primitive  type.  The  humerus  may 
have  either  an  entepicondylar  (ulnar)  foramen  and  an  ectepicondylar 
(radial)  groove,  or  only  the  latter,  or  may  be  devoid  of  both.  The 
ribs  never  have  uncinate  processes. 

We  are  still  very  much  in  the  dark  as  to  the  origin  of  these  two 
orders,  although  the  Sauropterygia  can  be  traced  back  to  a  form 
presenting  several  Amphibian  features,  which  appears  to  have  been 
closely  allied  to  the  primitive  Rhynchocephalians.  From  the  dis- 
appearance of  numerous  segments  in  the  vertebral  column  of  the 
Chelonia  during  development,  Professor  Parker  has  suggested  that 
this  order  has  originated  from  a  type  allied  to  the  Sauropterygia ; 
and  their  plastron  is  almost  certainly  derived  from,  or  developed 
upon,  the  abdominal  ribs  of  a  form  allied  either  to  the  Rhyncho- 
cephalia  or  to  Mesosaurus. 

Order  II.  Sauropterygia. — In  this  extinct  order  the  body  was 
devoid  of  any  exoskeleton,  while  the  neck  was  more  or  less  elon- 
gated, and  the  tail  short.  In  the  skull  there  is  only  the  superior 
temporal  arcade ;  the  narial  apertures  are  lateral  and  more  or  less 
approximated  to  the  orbits ;  the  premaxilte  are  very  large ;  and  there 
is  a  well-developed  parietal  foramen  in  the  adult  The  prefrontal 
remains  distinct;  the  postorbital  may  be  separate  from  the  post- 
frontal  ;  typically  there  is  a  transverse  bone ;  and  the  symphysis  of 
the  mandible  is  united  by  suture.  The  teeth,  which  are  implanted 
in  distinct  sockets  and  confined  to  the  margins  of  the  jaws,^  have 
curved  sharp  crowns,  with  fluted  enamel.  Each  rib  articulates  to  a 
single  vertebra,  and  in  the  cervical  region  the  costal  facets,  which 
may  be  either  single  or  double,  are  situated  entirely  on  the  centrum, 
and  generally  are  not  prominent  The  vertebrae  are  amphiccelous ; 
and  the  neuro-central  suture  may  be  either  persistent  throughout 

^  Assuming  that  the  Placodontia  are  distinct  from  this  order. 
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life,  or  completely  obliterated.  All  those  vertebrae  in  which  the 
costal  articulation  is  on  the  centrum  below  the  neuro-central  suture 
may  be  reckoned  as  cervical ;  their  number  varying  from  about  21 
to  nearly  40.  The  centrum  of  the  atlas  is  well  developed,  and  there 
is  a  wedge-shaped  intercentrum  between  the  latter  and  the  skull. 
The  true  cervicals  are  succeeded  by  a  few  vertebrae  in  which  the 
costal  articulation  is  partly  on  the  arch  and  partly  on  the  centrum, 
for  which  the  name  of  pectorals  has  been  proposed.  The  dorsal 
vertebrae  have  the  costal  articulation  placed  entirely  on  the  arch, 
and  generally  forming  an  elongated  transverse  process.  The  caudal 
vertebrae  are  always  furnished  with  true  ribs,  and  also  with  chevron- 
bones,  which  may  not  be  united  below.  The  structure  of  the  pec- 
toral girdle  is  very  remarkable,  and  has  given  rise  to  considerable 
diversity  of  opinion.  In  all  forms  the  coracoids  meet  in  a  median 
symphysis,  which  may  be  short  (fig.  987)  or  very  long  (fig.  988). 


Fig.  087.— Ventral  aspect  of  the  pectoral  girdle  of  Notkosaurus  mirahilis;  from  the  Muschel- 
kalk  of  Wurtember^.  Reduced,  ost^  Clavicle  and  interclavides ;  xc,  Scapula;  git  Glenoid 
cavity ;  cor,  Coracoid. 

In  the  generalised  Nothosaurus  {^g,  987)  the  scapula  has  only  a 
small  ventral  portion,  separated  by  a  wide  interval  from  that  of  its 
fellow.  Anteriorly  to  these  ventral  plates  of  the  scapulae  there 
is  a  slender  arch  consisting  of  a  median  and  two  lateral  por- 
tions, corresponding  to  a  similarly  situated  bone  in  Fiesio- 
saurus.  This  arch  is  usually  correlated  with  the  interclavicle  and 
clavicles ;  but  from  the  deep-seated  position  of  its  representative 
in  Plesiosaurus^  Mr  Hulke  considers  that  in  that  genus  it  corre- 
sponds to  the  omosternum  of  the  Amphibia,  and  if  this  interpre- 
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tation  be  correct,  it  will  have  the  same  homology  in  Nothosaurusy 
As  specialisation  proceeds  it  appears  that  the  scapulae  have  tended 
to  develop  very  large  ventral  plates,  with  a  concomitant  reduction 
and  ultimate  disappearance  of  the  clavicular  arch.  The  inter- 
mediate stage  is  shown  in  Flesiosaurus  (fig.  997),  where  it  will 
be  seen  that  the  ventral  plates  of  the  scapulae  are  separated  in 
the  median  line ;  and  the  culmination  in  CimoiiosauruSy  where  they 
unite  in  a  median  symphysis,  and  join  the  anterior  extremities  of 
the  coracoids,  while  the 
interclavicle  has  disap- 
peared. Mr  Hulke  regards 
the  ventral  plate  of  the 
scapula  as  representing  the 
precoracoid  of  the  Chelo- 
nia,  but  further  evidence 
is  required  to  prove  this; 
the  view  that  it  represents 
the  clavicle  being  obviously 
incorrect  In  the  pelvis 
the  pubis  usually  forms  a 
wide  plate,  while  the  isch- 
ium is  somewhat  chopper- 
shaped  ;  in  some  cases  the 
pubis  and  ischium  of  each 
side  unite  to  enclose  an 
obturator  foramen.  The 
ischia  are  strikingly  like 
those  of  the  Amphibia,  and 
have  a  long  symphysis. 
The  limbs  are  subject  to 
considerable  variation; 
those  of  the  earlier  generalised  forms  being  adapted  for  progres- 
sion on  land,  while  in  the  specialised  types  they  are  modified 
into  paddles.  In  all  cases,  however,  the  limbs  are  readily  distin- 
guished from  those  of  the  Ichthyopterygia  by  the  relatively  longer 
humerus  and  femur,  and  the  absence  of  interdigital  bones.  The 
limb-bones  are  r^arded  by  Professor  Seeley  as  showing  signs  of 
Amphibian  affinity.  A  peculiar  feature  in  the  limb-bones  is  that 
the  epiphyses  (fig.  989)  of  the  humerus  and  femur  are  enormously 
developed,  and  form  large  cones  at  either  extremity  of  the  bones, 
almost,  or  completely,  meeting  in  the  middle  of  the  shaft,  which 
is  reduced  to  a  pair  of  elongated  cups.     The  bones  of  the  palate 

*  In  the  British  Museum  Catalogue  of  Fossil  Reptilia  Mr  Hulke's  interpreta- 
tion of  the  homology  of  these  bones  was  provisionally  adopted,  but  the  writer 
now  considers  that  the  other  interpretation  is  probably  the  true  one. 


Fig.  988.— Ventral  aspect  o\  the  pectoral  girdle  of 

'  '^  •      ^ut/m'M  ;  from  the  Kimeridge 

»y.    Reduced.    *c,  Scapula ;  pc^  Ventral  (precora- 

coidal)  plate  of  do.  ;  //,  Glenoid  cavity ;  /,  Scapular 


Cimolwsattrus  {cf)  troct 
Reduced, 


Clay 


foramen  ;  co^  Coracoid.    (After  HiUke.) 
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never  develop  plates  to  form  a  floor  to  the  nasal  passage,  so  that 
the  posterior  nares  also  open  directly  into  the  mouth  by  horizontal 
apertures  (fig.  991). 

This  order  ranges  in  time  probably  from  the  Permian  and  cer- 
tainly from  the  Trias  to  the  Upper  Chalk,  and  we  are  enabled  to 
trace  the  gradual  evolution  of  the  specialised  marine  forms  from 
those  less  widely  separated  from  a  normal  type.     All  these  reptiles 
'  appear  to  have  been  carnivorous. 

Family  MESOSAURiDiE — The  genus  Mesosaurus^  originally  de- 
scribed from  the  Karoo  system  of  Griqualand  in  South  Africa, 
which  is  probably  of  lower  Mesozoic  age,  but  subsequently  found 
in  beds  of  uncertain  age  in  Brazil,  and  described  under  the  name 
of  Stereosternum^  includes  small  reptiles  regarded  by  Dr  Baur  as 


Y\%.  989. — Longitudinal  section 
of  a  Sauropterygian  humerus ; 
from  the  Kimendge  Clay ;  one- 
sixth  natural  size,  a,  Proximal, 
bf  Dbtal  epiphysis ;  c,  Shaft. 


Fig.  990. — Ventral  aspect  of  the 
left  pectoral  limb  of  Mesasaurus 
ttMutdems;  from  the  Karoo  sj^tem 
of  Griqualand.  <»//,  Entepicon- 
dylar  foramen  of  humerus ;  r,  Ra- 
dius ;  «,  Ulna. 


constituting  a  distinct  order  —  the  Proganosauria,  —  but  which 
appear  to  be  so  closely  related  to  the  Nothosaurida^  that  there  can 
be  little,  if  any,  hesitation  in  including  them  in  the  same  order. 
The  Brazilian  form  was  originally  referred  with  some  hesitation  by 
Professor  Cope  to  the  Amphibia.  One  of  the  most  peculiar  feat- 
ures of  this  genus,  in  which  it  differs  from  all  other  groups  except 
the  Amphibia,  the  extinct  PcUcRohatteria^  and  perhaps  the  Chelonia 
is  the  separation  of  the  fourth  and  fifth  tarsalia,  so  that  each  meta- 
tarsal articulates  with  a  distinct  tarsale.    The  centra  of  the  vertebrae 

^  See  Rhynchocephalia,  infra. 
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have  a  small  notochordal  canal,  and  are  small  in  comparison  to  the 
neural  arches ;  while  the  ribs  seem  to  have  been  anchylosed  to  the 
vertebrae,  and  were  of  great  thickness,  like  those  of  the  next  family. 
The  system  of  abdominal  ribs  was  strongly  developed.  The  skull 
is  much  elongated,  and  has  slender  recurved  teeth,  which  were  in 
all  probability  implanted  in  distinct  alveoli.  The  pectoral  girdle 
appears  to  be  very  similar  to  that  of  the  Nothosaurida^  the  pre- 
sumed interclavicle  not  being  T-shaped;  and  a  similar  close  re- 
semblance is  presented  by  the  pectoral  limb  (fig.  990),  in  which 
the  humerus  has  an  entepicondylar,  or  ulnar,  foramen,  like  that  of 
Mammals.  The  pelvis  is  considered  to  have  had  only  a  very 
small  obturator  foramen;  the  ischia  and  pubes  forming  broad 
expanded  plates  like  those  of  Amphibia  and  other  Sauropterygia. 
The  terminal  digits  were  devoid  of  claws ;  and  the  feet  were  prob- 
ably webbed  like  those  of  frogs. 

Dr  Baur  makes  this  genus  the  type  of  the  order  Proganosauria, 
in  which  he  would  also  include  the  undermentioned  genus  Falao- 
hatteria;  and  regards  this  order  as  the  connecting-link  between  Am- 
phibians and  Reptiles.  Although  there  is  something  to  be  said  in 
favour  of  this  view,  yet  the  manifest  affinity  of  Mesosaurus  to  the 
more  typical  Sauropterygia,  and  of  Palaohatteria  to  the  Rhyncho- 


Fif.  OQi. — Palatal  aspect  of  the  cranium  of  Nothataurus  mirabilU  ;  from  the  Muachelkalk. 
Onc-etghth  natiiral  size,  pmx^  Premaxilla ;  nar^  Posterior  nares ;  tw,  Vomer ;  mx,  Maxilla ; 
>s/.  Palatine ;  PU  Pterygoid ;  a,  Ala  of  do. :  by  Quadratic  ridge  of  same ;  qu^  Quadrate ;  oc^ 
Ocdpital  coicAy^    The  posterior  extremity  of  >«/  is  probably  formed  by  a  distinct  transverse 


cephalia,  seem  to  render  it  more  advisable  to  refer  those  genera 
to  the  two  orders  in  question,  of  which  they  will  respectively  form 
the  most  generalised  stage.  By  this  arrangement  the  intimate  con- 
nection of  both  orders  with  the  Amphibia  will  be  made  manifest. 

Family  NoxHOSAURiDiE, — In  this  family,  which  comprises  some 
forms  of  large  size,  the  limbs  were  furnished  with  claws,  and  adapted 
to  a  certain  extent  for  walking.     In  the  skull  the  pterygoids  either 
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diverged  posteriorly,  or  gave  off  wings  uniting  in  the  middle  line 
upon  the  basi-  and  presphenoid,  and  thus  completely  closing  the 
posterior  portion  of  the  palate  (fig.  991) — an  approximation  to  the 
latter  arrangement  occurring  in  some  Chelonia.  The  palate  was 
also  devoid  of  infiraorbital  vacuities.  The  coracoids  (fig.  987)  had 
a  short  median  symphysis,  not  extending  as  far  forwards  as  the 
scapular  articulation,  and  also  had  a  groove;  while  the  ventral 
plates  of  the  scapulae  were  very  small.  Typically,  the  cervical 
vertebrae  have  double  costal  facets,  while  the  transverse  processes 
of  the  dorsals  are  very  short,  and  remarkable  for  the  vertical  elonga- 
tion of  their  articular  faces.  The  humerus  and  femur  are  elongated 
— ^the  former  (fig.  993)  having  an  entepicondylar  foramen,  but  no 
distinct  distal  expansion.  The  ischium  and  pubis  did  not  unite  to 
enclose  an  obturator  foramen. 

The  known  forms  occur  typically  in  the  Muschelkalk,  or  Middle 
Trias,  of  the  Continent,  but  some  of  them  range  up  into  the 
overlying  Keuper,  and  one  species  is  found  in  the  Bunter,  or 
Lower  Trias.  In  the  typical  genus  Nothosaurus  the  skull  (figs. 
991,  992)  is  long  and  much  depressed,  the  length  of  the  post* 
orbital  exceeding  that  of  the  preorbital  portion.     The  characters 


Fig.  992.— Right  lateral  aspect  of  the  skull  of  Nothosaurus 
mimbilU.    Reduced.    (After  Meyer.) 


Fig.  g«3.— Ventral  as- 
pect of  toe  right  humerus 
of  CoHcktesoMrtts.  One- 
half  natural  size.  Emt/l 
Entepicondylar  foramen  ; 
a,  Ectepicondylar  groove. 


of  the  palate  are  shown  in  fig.  991.  Conchiosaurus  is  a  closely 
allied  but  smaller  form,  in  which  the  teeth  are  club-shaped.  In 
Simosaurus  the  skull  is  characterised  by  the  breadth  of  the  facial 
portion  and  its  stout  teeth.  The  type  species  is  nearly  equal  in 
dimensions  to  the  larger  species  of  Nothosaurus,     Finally,  Fisfo- 
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saurus  is  distinguished  by  the  posterior  divergence  of  the  pterygoids, 
and  not  improbably  by  the  presence  of  long  transverse  processes  to 
the  dorsal  vertebrae;  both  of  these  features  being  Plesiosaurian. 
The  preorbital  portion  of  the  skull  is  very  narrow.  Although  the 
members  of  this  family  have  lost  all  traces  of  a  notochordal  canal 
in  the  centra  of  the  vertebrae,  yet  the  ossification  of  these  centra 
has  taken  place  in  the  same  manner  by  means  of  a  sheath  investing 
the  notochord. 

Family  Lariosaurida. — ^This  family  is  closely  allied  to  the 
preceding,  but  the  limbs  approximate  to  those  of  the  Plesiosaurida. 
The  skul^  at  least  in  one  genus,  has  infraorbital  vacuities  on  the 
palate,  and  the  coracoid  has  no  notch  at  its  glenoidal  extremity. 
The  femur  always  remains  an  elongated  bone,  longer  than  the 
epipodials  and  metapodials  collectively  \  but  the  humerus  may  be 
comparatively  short,  and  is  more  or  less  expanded  at  its  distal 
extremity ;  while  in  Lariosaurus^  although  not  in  the  other  forms, 
it  has  lost  its  foramen.  The  terminal  phalangeals  of  the  pes  still 
retain  their  claws.  In  Neusticosaurus  it  is  thought  that  cervical 
ribs  were  wanting.  The  type  genus  Lariosaurus  comprises  one 
medium-sized  species  from  the  Trias  of  Lombardy,  and  according  to 
Dr  Baur,  has  both  Umbs  adapted  for  walking.  The  palate  is  un> 
known.  In  Neusticosaurus^  from  the  Lettenkohle  at  the  base  of  the 
Keuper  of  Wiirtembeig,  Professor  Seeley  considers  that  the  pectoral 
limb  had  become  modified  into  a  paddle,  although  this  conclusion 
is  not  accepted  by  Dr  Baur.  It  appears  probable  that  a  small 
reptile,  described  from  the  Trias  of  Italy  under  the  preoccupied 
name  of  PcLchypkura^  is  not  more  than  specifically  separable  from 
Neusticosaurus.  The  type  species  of  the  latter  was  about  one  foot 
in  length,  and  was  probably  of  amphibious  habits. 

It  may  be  convenient  to  notice  here  two  small  Triassic  reptiles 
which  are  referred  by  Dr  Baur  to  this  family,  although  Dr  Deecke 
considers  that  at  least  the  second  has  more  affinity  with  the  Lizards. 
These  genera  are  Dactylosaurus^  from  the  Muschelkalk  of  Silesia, 
and  Macromerosaurus^  from  the  Italian  Trias;  the  former  being 
almost  certainly  referable  to  this  order,  and  perhaps  not  separable 
from  Neusticosaurus.  In  this  connection  it  should  be  observed  that 
Dr  Bassani  considers  Macromerosaurus  to  be  identical  with  the  type 
species  of  Lariosaurus^  and  that  Neusticosaurus  is  not  generically 
separable  from  the  latter.  Pachypleura  is,  however,  regarded  as 
distinct  from  Neusticosaurus^  in  which  case  it  will  require  a  new 
name,  as  the  present  one  is  preoccupied. 

Finally,  it  should  also  be  mentioned  that  some  authorities  would 
r^ard  the  two  preceding  families  as  constituting  a  distinct  sub- 
order— the  Nothosauria — ^but  the  transition  to  the  next  family  is 
almost  complete. 
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Family  PLESiosAURiDiE. — With  this  group  we  come  to  the  con- 
sideration of  the  typical  members  of  the  order,  all  of  which  were 
adapted  for  a  purely  aquatic  life,  and  probably  frequented  coasts 
and  estuaries.  In  the  skull  the  pterygoids  di- 
verge posteriorly,  and  do  not  overlie  the  basi- 
sphenoid;  while  there  were  small  infraorbital 
vacuities  in  the  palate.  The  dorsal  vertebra 
have  long  transverse  processes.  In  the  pectoral 
girdle  the  scapulae  have  large  ventral  plates, 
which  may  meet  in  the  middle  line;  and  the 
symphysis  of  the  coracoids  is  much  elongated, 
and  extends  in  advance  of  the  scapular  articula- 
tion. In  the  limbs  (fig.  994)  the  humerus  and 
femur  were  comparatively  short  and  distally  ex- 
panded ;  the  former  being  devoid  of  a  foramen. 
The  bones  of  the  second  segment  are  likewise 
very  short,  and  strangely  altered  from  the  normal 
form.  In  certain  cases,  moreover,  a  third  bone 
(fig-  998)  articulates  with  the  humerus  and 
femur,  of  which  the  homology  will  be  discussed 
under  the  head  of  the  Ichthyopterygia.  The 
metacarpals  and  phalangeals  are,  however,  still 
elongated,  but  the  number  of  the  latter  is  in- 
creased beyond  the  normal  complement  Further,  the  terminal 
claws  have  disappeared ;  and  the  whole  limbs  were  doubtless  en- 
veloped in  a  common  integument,  to  form  paddles  after  the  fashion 
of  the  turtles.     The  coracoid  (fig.  988)  is  remarkable  for  its  great 


Fig.  994. — Dorsal  as- 
pect of  the  left  pectoral 
limb  of  PUsiosaurus 
liawkinsi ;  from  the 
Lower  Lias  of  Dorset- 
shire. Reduced,  a,  Hu- 
merus; b,  Rjidius:  c. 
Ulna. 


FiS*  995<~"Skeleton  oi  Plesiotaur^$s  dolichodirus;  from  the  Lower  Lias.     Greatly  reduced. 
(After  Conybeare.) 

antero-posterior  length,  and  has  no  fontanelle.  This  family  includes 
some  forms  of  huge  dimensions ;  its  range  extending  from  the 
Rhaetic,  or  Uppermost  Trias,  to  the  Chalk. 

The  Plesiosaurida^  like  the  Crocodiles  of  the  present  day,  differ 
greatly  among  themselves  in  the  relative  length  of  the  mandibular 
symphysis,  as  is  shown  in  the  accompanying  woodcut.  In  the 
present  family  it  appears,  however,  that  the  result  of  evolution  and 
specialisation  has  been  towards  the  gradual  lengthening  of  this  sjnoa- 
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physis ;  whereas  among  the  Crocodilia  the  tendency  has  been  pre- 
cisely in  the  opposite  direction. 

This  family  has  been  divided  into  a  large  number  of  genera,  but 
since  several  of  these  are  not  really  distinct  it  will  suffice  to  adopt  a 
smaller  number  of  such  divisions.  The  genus  Flesiosaurus,  as  now 
restricted,  is  exclusively  confined  to  the  Upper  Trias  (Rhsetic)  and 
Lias.     Owing  to  the  beautiful  preservation  of  many  of  the  species 


F%.  Q96.~l'he  mandible  in  diflTerent  genera  of  PUshsauridte.  Reduced,  a,  PelontusUs 
fkilmrchiu^  from  the  Oxford  Clay,  one-eighth  natural  size :  b,  Thaumatosaurus  indictts,  from 
the  Upper  Jtirassic  of  India,  one-seventh  natural  size ;  c,  PUsiosaurus  doUchodirus^  two-fifths 
naiuial  size. 

this  genus  has  been  long  known  to  science ;  and  its  remains  were 
admirably  described  in  the  first  third  of  the  present  century  by  the 
late  Mr  Conybeare  and  Dean  Buckland,  who  with  remarkable  fore- 
sight hinted  at  the  affinity  of  these  strange  and  weird  forms  of  Rep- 
tilian life  to  the  Chelonia.  In  this  genus  the  skull  is  either  small 
with  a  short  mandibular  symphysis  (as  in  fig.  996,  c),  or  moderately 
large  with  a  longer  symphysis  and  rostrum.  The  teeth  are  generally 
slender,  without  carinse,  and  the  terminal  ones  are  not  much  larger 
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than  the  others  in  the  more  typical  species.     The  neck  is  more  or 
less  elongated,  with  the  anterior  vertebrae  in  most  cases  very  small 

The  cervical  ribs  and  neu- 
ral arches  are  firmly  articu- 
lated to  the  centra  of  the 
vertebrae,  but  traces  of  the 
suture  usually  persist ;  in  the 
cervical  region  the  facets  for 
the  articulation  of  the  ribs 
are  usually  double,  and  the 
terminal  faces  of  the  centra 
generally  ellipsoidal,  and 
more  or  less  cupped.  The 
most  characteristic  features 
of  the  genus  are,  however, 
to  be  found  in  the  pectoral 
girdle  (fig.  997),  in  which 
the  scapulae  are  relatively 
small,  and  widely  separated 

Fig.  997.— Ventral  aspect  o!  the  pectoral  girdle  ol  in     the     middle     line,    whcrC 

PUsiosaurut  doltchodirus ;  from  the  Lower  Lias  of  ,                                            .  '      . 

Dorsetshire.     Reduced.    <yx/,  Inierclavicle;  jr,  Scap-  thCy     reSt      UpOn    the    intCT- 

ula  ;  >c,  Ventral  plate  of  do. ;  c<y,  Coracoid:  ^,  Head  ^i«    •«!«    ■„,:4.u    :*-,     ...^^11   ««/4 

of  humerus.    (After  Hulke.)  ClaVlCle,   With    ItS     Small   and 

deep  notch.  The  coracoids 
are,  moreover,  long  and  rather  narrow,  with  a  median  production 
in  advance  of  the  glenoid  cavity;  while  the  foramen  between 
the  coracoid  and  scapula  is  very  large  and  open  towards  the 
interclavicle. 


This  genus  may  be  divided  into  three  groups.  The  Longirostrine 
group,  represented  by  P,  rostratus  of  the  Lower  and  P,  longirostris  of 
the  Upper  Lias,  is  characterised  by  the  comparatively  elongated  man- 
dibular symphysis,  and  the  extremely  short  neural  spines  and  single 
costal  facets  of  the  majority  of  the  cervical  vertebrae.  In  the  typical 
group  we  have  P,  doltchodirus  with  its  extremely  long  neck  (fig.  995),  the 
shorter-necked  P,  Hawkinsiy  and  the  large  P.  Conybeari,  all  being  from 
the  Lower  Lias.  These  forms  have  a  moderately  short  mandibular  s)^- 
physis  (fig.  996,  c),  while  the  centra  of  the  cervical  vertebrae  are  never 
greatly  elongated,  and  there  are  double  costal  facets  and  moderately  ull 
neural  spines  in  this  part  of  the  vertebral  column.  The  third  group  is 
represented  only  by  P,  homalospondylusy  of  the  Upper  Lias,  which  is 
characterised  by  the  great  elongation  of  the  centra  of  the  cervical  ver- 
tebrae, which  have  flat  terminal  faces,  and  enormously  tall  neural  spines. 
The  resemblance  of  these  vertebrae  to  those  of  the  cervicals  of  the  typical 
group  of  the  Jurassic  and  Cretaceous  genus  Cimoliosaurus  suggests  the 
origin  of  the  latter  group  from  the  present ;  whereas  on  similar  grounds 
it  may  be  suggested  that  the^  Ccelospondyline  group  of  Cimoliosaurus  has 
originated  from  the  typical  group  of  Plesiosaurus.  In  all  species  of  the 
present  genus  the  radius  and  ulna  (fig.  994)  still  retain  evidence  of  their 
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original  character  as  long  bones,  and  are  separated  by  a  well-marked 
interval 

Another  exclusively  Liassic  and  perhaps  Rhaetic  genus  is  Eret- 
mosaurus,  which  had  a  long  neck  and  probably  a  small  head  like 
PUsiosaurus,  but  with  a  very  different  type  of  pectoral  girdle.  Thus 
the  coracoids  had  no  median  production  in  advance  of  the  glenoid 
cavity ;  while  the  scapulae  were  large,  and  articulated  together  in  the 
median  line,  and  posteriorly  were  united  by  their  whole  length  with 
the  coracoids,  leaving  only  very  minute  coracoidal  foramina.  If  an 
interclavicle  were  present  it  had 
become  fused  with  the  scapulae. 
The  type  species  is  from  the 
Lower  Lias,  but  there  is  another 
in  the  Upper  Lias.  The  largest 
genus  of  the  family  is,  however, 
Cimoliosaurus^  in  which  we  may 
conveniently  include  those  forms 
described  under  the  names  of 
Discosaurus^  ElcLsmosaurus^  Mau- 
isauruSy  Polycotylus^  Muranosau- 
ruSy  and  Coiymbosaurus,  This 
genus  was  originally  described 
upon  the  evidence  of  a  very 
laige  species  from  the  Cretaceous 
of  New  Jersey,  with  which  J^is- 
cosaurusy  and  probably  Elasmo- 
saurusy  are  specifically  identical. 
The  New  Zealand  Cretaceous 
species  described  as  Mauisaurus 
is  closely  allied ;  and  it  has  yet 
to  be  proved  that  the  type  species 
is  even  specifically  distinct  from 
the  European  C  constrictus.  Many  of  the  other  species  differ  con- 
siderably from  these  typical  forms,  but  if  generic  divisions  are  once 
made  it  seems  impossible  to  know  when  to  stop. 

The  genus  in  the  above  extended  series  may  be  characterised  as 
follows.  The  teeth  and  skull  are  relatively  small,  the  mandibular 
symphysis  is  short,  and  the  neck  usually  very  long,  with  the  anterior 
vertebrae  relatively  small.  The  vertebrae  are  more  or  less  elongated, 
and  generally  have  the  neural  arches  and  the  cervical  ribs  completely 
anchylosed  to  the  centra  in  the  adult ;  the  costal  articulations  always 
forming  single  facets  in  the  cervical  region.  In  the  pectoral  girdle 
(fig.  988)  the  scapulae  have  very  large  and  wide  ventral  plates,  meeting 
in  the  middle  line,  without  any  trace  of  an  interclavicle,  and  usually 
sending  down  a  median  process  to  join  the  coracoids,  and  thus  com- 


Fig.  998.  —  Ventral  aspect  of  the^  right 
humerus,  radius  ('O,  ulna  (f),  and  pisiform 
(F)  of  Cimoliosaurut  trochcmterius ;  from  the 
Kimeridge  Clay  of  Dorsetshire.  Reduced. 
(After  Hulke.) 
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pletely  closing  the  scapulo-coracoidal  foramen.^  The  humerus  (fig. 
998)  is  usually  longer  than  the  femur ;  and  both  these  elements  may 
articulate  distally  with  either  two  or  three  (figs.  998,  999,  1000) 
bones,  which  in  the  later  instances  lose  all  resemblance  to  the  nor- 
mal elongated  form.     The  ischia  are  relatively  short. 

This  genus  may  be  divided  into  two  groups,  according  to  whether  the 
vertebral  centra  have  nearly  flat  or  deeply  cupped  centra.  In  the  former 
group  we  have  the  large  C.  truncatus  of  the  Kimeridge,  and  the  smaller 
Cplicatus  (fig.  looobis)  and  C  Richardsani{^%,  1000)  of  the  Oxford  Clay, 
in  both  of  which  the  humerus  articulates  only  with  the  radius  and  ulna ; 
the  latter  species  being  distinguished  by  its  shorter  cervical  vertebrae. 


Fi^.  9Q<).— Ventral  aspect  of  part  of  the  right  pelvic  limb 
oi  Cintoliosaurus  ^rtlandicus  ;  from  the  Portland  Oolite. 
Reduced.  T,  Preaxial ;  F,  PoAtaxial  border ;  66,  Tibia ; 
67,  Fibula ;  67',  Homologue  of  the  pisiform ;  tj  Tibiale ; 
CI,  Intermedium;  c  2,  Fibulare;  /,  Postaxial  tarsal. 
(After  Hulke.) 


Fig.  looa  —  Ventral  as- 
pect of  part  of  the  right 
pectoral  limb  of  Cimoiio' 
saurus  Rickardsotii ;  from 
the  Oxford  Clay.  One- 
eighth  natural  sizew  A» 
Humerus:  tr^  Trochanter 
of  do. ;  r,  Radius ;  w,  Ulna; 
t',,  Radiale ;  y,  Interme- 
dium ;  »',  Ulnare.  (After 
Mansel-Pleydell.) 


In  C.  porilaTidicus,  of  the  Portland  Oolite  ana  Purbeck,  there  were 
three  short  bones  articulating  with  the  humerus  and  femur  (fig.  999).  It 
is  in  the  Cretaceous,  however,  that  we  meet  with  the  largest  representa- 
tives of  this  group,  which  comprise  C.  constricttis^  of  the  European  Gault 
and  Chalk ;  C  vetustus  and  C  platyuruSy  of  the  Cretaceous  of  North 
America ;  and  C.  Haasti,  in  the  corresponding  strata  of  New  Zealand. 
These  were  enormous  reptiles,  with  an  estimated  length  of  between  30 


^  Occasionally,  as  in  C.  durobrivemis,  of  the  Oxford  Clay,  this  bar  may  be 
absent,  but  it  is  not  known  whether  this  is  only  an  individual  peculiarity. 
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and  40  feet,  and  having  nearly  40  cervical  vertebrae.  In  the  second 
group,  which  apparently  corresponds  to  the  genus  Polycotylus  of  Pro- 
fessor Cope,  we  have,  in  the  Oxford  Clay,  C  oxoniensis  and  C  eurymerus^ 
in  which  the  humerus  articulates  with  only  the  radius  and  ulna,  and  in 


tig.  1000  bis,—\  cervical  vertebra,  of  Cimoliosauru*  pUcahu  ;  from  the  Oxford  Clay.    One- 
fifth  natural  size,    z,  Posterior ;  a,  Inferior;  3,  Anterior  aspect.    (After  Phillips.) 


the  Kimeridge  the  larger  C.  trochanterius^  in  which  the  pisiform  also  joins 
the  humerus  (fig.  998).  The  very  small  C  valdensis^  of  the  Wealden,  may 
have  been  of  freshwater  habits  ;  while  in  the  Chalk  we  find  the  larger  C 
Bernhardt,  This  group  appears  to  have  been  also  represented  in  the 
Cretaceous  of  North  America  and  New  Zealand.  A  species  from  the 
Cretaceous  of  Kansas,  described  under  the  name 
of  Trinacronuron^  has  three  bones  articulating 
with  the  humerus. 

The  imperfectly  known  genus  Polyptychodon 
{Luikesaurus\  of  the  Middle  and  Upper  Cre- 
taceous of  Europe,  appears  to  be  allied  to 
Cimoliosaurus^  but  with  a  relatively  larger 
head  and  teeth,  and  probably  with  a  much 
shorter  neck.  The  teeth,  which  are  very 
abundant  in  the  Cambridge  Greensand,  have 
subconical  crowns,  with  strongly  -  marked 
ridges,  of  which  a  considerable  number  gene- 
rally stop  short  of  the  summit.  These  Rep- 
tiles must  have  attained  huge  dimensions. 
The  genera  we  have  now  to  consider  indicate 
a  different  branch  from  that  to  which  the  two 
preceding  genera  belong.  The  first  of  these 
is  Thaumatosaurus  (in  which  Rhomaleosaurus 
may  be  included),  typically  occurring  in  the  ^  ,.„.«.^,.,„.,,.„.^.„„. 
Great  Oolite  of  Wiirtemberg,  but  extending   z'.  Fibulae!  The  tibia  ii 

,  _  ,        _  -r  •  J  J        drawn  rather  too  small  in 

downwards  to  the  Lower  Lias  and  upwards    proportion  to  the  fibula. 
to  the  Kimeridge  Clay  of  England.     In  these 
forms  the  skull  and  teeth  were  relatively  large,   the  latter  being 
often  carinated,  and  the  mandibular  symphysis  {^g,  996,  b)  com- 
paratively short,  with  the  first  ^y^  or  six  teeth  enlarged.     The  neck 

VOL.  II.  N 


Fig.  looi.  —  Dorsal  as- 
pect of  part  of  the  left  pelvic 
limb  or  PtloneutUs  phil- 
arcAus;  from  the  Oxford 
Clay.  One -sixth  natural 
size,  y^,  Distal  half  of 
femur ;  t.  Tibia ;  /,  Fibula ; 
fj  Tibiale ;  f ,  Intermedium ; 
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was  short,  and  the  cervical  vertebrae  have  comparatively  short  and 
distinctly  cupped  subcylindrical  centra,  carrying  double  costal 
facets ;  while  the  arches  and  cervical  ribs  were  firmly  articulated  to 
the  centra.  In  the  pectoral  girdle  the  scapulae  and  coracoids  were 
of  the  general  type  of  those  of  Plesiosaurus ;  but  the  clavicular 


^om 


Fig.  xooa. — Anterior  part  of  the  pectoral  jnrdle  dt  Peloneustet  pkilarchus;  from  the  Oxford 
Clay.  Reduced,  om,  Interclavide ;  sc^  Scapula ;  p.cor^  Ventral  plate  of  do.  The  ventral 
aspect  is  shown. 


arch  was  greatly  elongated  transversely,  and  was  probably  over- 
lapped by  the  scapulae.  The  humerus  was  longer  or  shorter  than 
the  femur,  and  articulated  only  with  the  radius  and  ulna,  which 
were  considerably  elongated,  and  separated  by  a  distinct  interval 
This  genus  is  represented  in  the  Lower  Lias  by  T,  megacephalus 
and  T,  arcuatus^  and  in  the  Upper  Lias  by  the  gigantic  T,  Cramp- 
toniy  which  attained  a  length  of  some  twenty  feet 
The  type  species,  only  known  by  detached  teeth 
and  vertebrae,  occurs  in  the  Great  Oolite  of  the 
Continent ;  while  T,  indicus  (^g,  996,  b)  is  found 
in  the  Upper  Jurassic  of  India. 

In  the  genus  Feloneusies,  of  the  Oxford  and 
Kimeridge  Clays,  the  coracoids  (fig.  t  001)  do  not 
appear  to  have  been  produced  anteriorly  in  the 
middle  line ;  while  the  scapulae  have  their  ventral 
surface  broad  and  flat,  and  the  dorsal  surface  re- 
duced (fig.  1002).  The  same  figure  also  shows  the 
extremely  small  size  of  the  interclavide.  The  ischia 
were  very  long.  The  mandibular  symphysis  (fig. 
996,  c)  is  greatly  elongated ;  but  the  vertebrae  agree 
with  those  of  Thaumatosaurus  in  the  firm  attach- 
ment of  the  arches  and  cervical  ribs  to  the  centra, 
although  the  centra  themselves  have  the  terminal  faces  flatter, 
and  with  a  transversely  elliptical  and  somewhat  angulated  contour. 
The  radius  and  ulna  are  nearly  as  broad  as  long,  and  have  only 
a  very  small  interval  between  them.  The  most  specialised  genus 
of  this  branch  is  Piiosaurus  {Ischyrodon^  Spondylosaurus  or  Uo- 


Fig.  1003.— CroMm 
of  a  tooth  of  Piio- 
saurus brachydifys  ; 
from  the  Kimeridge 
Clay  of  Ely.  One- 
halt  natural  size. 
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pkurodan\  which  thus  occupies  a  somewhat  similar  position  to  the 
one  held  by  Polypiychodon  in  the  preceding  branch.  This  genus 
is  represented  by  several  species  of  gigantic  Reptiles  ranging  from 
the  Oxford  to  the  Kimeridge  Clay,  but  of  which  derived  remains 
are  also  found  in  the  Lower  Greensand  of  Potton,  in  Bedford- 
shire. The  skull  and  teeth  (fig.  1003)  are  relatively  very  large; 
the  former  having  a  somewhat  shorter  mandibular  symphysis  than 
in  Peloneustes,  The  teeth  are  carinated,  and  in  the  Kimeridgian 
species  the   space  between   the   two   carinse   is   nearly  flat,   and 


Fig.  1004. — Diagram  of  the  ventral  aspect  of  the  pelvic  girdle  of  a  young  Pliosaur.  The  upper 
hones  are  the  pahes,  and  the  lower  the  ischia.  In  the  adult  the  ischia  become  more  elongated, 
and  their  ioncr  borders  should  have  been  placed  more  nearly  parallel.    (After  Phillips.) 

devoid  of  ridges.  The  neck  is  very  short,  and  all  the  cervical 
vertebrae  (fig.  1005)  are  relatively  large,  with  nearly  flat  terminal 
feces  to  the  very  short  centra,  which  in  the  anterior  region  have 
two  distinct  and  often  very  prominent  costal  facets.  A  peculiar 
feature  of  all  the  vertebrae  is,  that  the  arches  were  only  articu- 
lated to  the  centra  by  cartilage,  so  that  they  are  always  found 
detached.  The  pectoral  girdle  was  of  the  general  type  of  that 
of  Peloneustes^  but  it  is  not  improbable  that  the  interclavicle  was 
absent  The  humerus  was  shorter  than  the  femur,  and  the 
adius  and  ulna  in  the   Kimeridgian   forms  have  become  much 
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shorter  than  in  that  genus,  and  have  scarcely  any  intervening 
space,  but  in  one  of  the  species  from  the  Oxford  Clay  they 
have  the  same  form  as  in  the  latter.  The  general  arrangement  of 
the  ventral  bones  of  the  pelvis  is  shown  in  the  woodcut  In  the 
huge  P.  tnacromeruSy  of  the  Kimeridge  Clay,  the  length  of  the 
lower  jaw  was  nearly  six  feet,  and  that  of  the  femur  one  yard,  by 
which  some  estimate  can  be  formed  of  the  gigantic  dimensions 
attained  by  the  entire  animal.  Pliosaurs  were  widely  distributed 
over  Europe,  and  have  been  described  from  England,  Germany 
(as  Ischyrodon\  France  (as  LiopUurodon\  and  Russia  (as  Spondyto- 
saurus).     No  remains  of  this  genus  have,  however,  been  hitherto 


Fig.  1005. — Anterior  (i)  and  lateral  (2)  aspects  of  an  anterior  cervical  vertebra  of  Pliosaunts 
macromerus;  from  the  Kimeridge  Clay.    One-fifth  natural  sixe.    (After  Phillips.) 

recorded  from  America.  The  less  specialised  characters  of  the 
Oxfordian  forms,  as  shown  by  the  structure  of  the  teeth,  and  the 
longer  radius  and  ulna,  indicate  affinity  with  Peloneustes, 

Finally,  it  may  be  mentioned  that  in  addition  to  the  names 
already  recorded  the  terms  Piptomerus^  Oropkosaurus,  and  Uro- 
nautes  have  been  applied  by  Professor  Cope  to  Sauropterygian  re- 
mains from  the  Cretaceous  of  North  America ;  while  a  tooth  from 
the  Kimeridgian  of  France,  described  under  the  name  of  Hamato- 
sauruSy  has  likewise  been  shown  to  belong  to  this  order,  although 
originally  regarded  as  Crocodilian. 

Order  III.  Chelonia. — With  the  Tortoises,  Turtles,  and  their 
allies,  we  enter  upon  the  consideration  of  the  first  of  the  existing 
orders  of  Reptiles.  In  this  order  the  cervical  and  dorsal  vertebrae 
are  not  numerous ;  the  body  is  short  and  wide,  and  has  a  more  or 
less  complete  bony  shell,  of  which  the  ventral  part,  or  plastron,  con- 
sists of  few  elements  of  dermal  origin,  while  the  dorsal,  or  carapace, 
may  be  in  great  part  of  endoskeletal  origin.  There  is  generally  a 
horny  epidermal  exoskeleton.  The  skull  may  occasionally  have  two 
temporal  arcades,  but  more  generally  only  the  lower  one  is  present 
(fig.  1007),  and  in  some  cases  even  that  may  be  absent  The  nares 
(fig.  1024)  are  single  and  terminal ;  the  premaxillae  very  small ;  and 
there  is  no  parietal  foramen  in  the  adult ;  but  there  is  a  distinct 
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opisthotic  bone  (fig.  1024).  The  dentary  bones  of  the  mandible 
are  generally  fused  together ;  the  postorbital  is  welded  with  the  post- 
frontal,  and  usually  the  prefrontal  with  the  nasal ;  while  the  supraoc- 
dpital  is  prolonged  backwards.  There  is  no  transverse  bone.  The 
palate  is  completely  closed  by  the  junction  of  the  pterygoids  with 
the  basisphenoid,  and  often  with  one  another  (fig.  1017  bis).  In  all 
existing  forms  teeth  are  absent,  and  the  trenchant  jaws  ensheathed  in 
hom.    Each  rib  articulates  at  the  junction  of  two  vertebrae ;  there  are 


Fi|^  1006. — ^Ventral  aspect  of  the  skeleton  of  a  young  Loggerhead  Turtle  {TkalatsocMtfys 
cmreitmX  with  the  plastron  removed.  Much  reduced.  The  coracoid  and  precoracoid  of  opposite 
sides  are  here  represented  as  widely  separated  from  one  another.    (After  Owen.) 

no  ribs  in  the  cervical  region,  and  no  transverse  processes  to  the  dor- 
sal vertebrae.  The  vertebrae  may  have  procoelous,  opisthocoelous,  or 
amphicoelous  centra  in  different  parts  of  the  column  of  the  same  in- 
dividuaL  In  the  pectoral  girdle  (fig.  1008),  which  is  situated  within 
the  ribs,  the  coracoid  is  the  widest  of  the  three  cartilage  bones ;  and 
the  coracoid  and  precoracoid  of  opposite  sides  are  respectively  con- 
nected in  the  middle  line  by  ligamentous  tissue  only.  The  con- 
nection between  the  scapula  and  precoracoid  is  short,  and  there  is 
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no  trace  of  a  sternum.  In  the  plastron  (fig.  1009),  developed  on 
the  ventral  aspect,  the  epiplastrals  (es)  and  entoplastral  (s)  corre- 
spond to  the  three  plates  of  the  Labyrinthodont  thoracic  buckler, 


Fig.  1007.— Left  lateral  aspect  of  the  skull  of  Testudo,  /»»,  Premaxilla ;  w,  MaxiUa ;  ^f. 
Prefrontal  and  nasal ;  /,  Frontal ;  ^,  Parietal ;  o,  Supraoccipital ;  «,  ^ugal,  behind  which  is  the 
quadratojugal,  and  above  the  postm>ntal ;  /,  Quadrate,  showing  the  incompleteness  of  the  tym- 


panic ring  posteriotly ;  the  bone  above  this  ring  is  the  squamosal 


and  apparently  represent  the  clavicles  and  interclavicle.  There 
are  in  addition  paired  hyo-^  hypo-^  and  xiphipiastrais ;  and  in  some 
forms  (fig.  1 01 2)  there  are  mesoplastrals 
intercalated  between  the  hyo-  and  hypo- 
plastrals.  The  pelvic,  like  the  pectoral 
girdle,  becomes  in  the  adult  placed  on 
the  inner  side  of  the  ribs,  and  has  the 
pubis  much  larger  than  the  ischium  {^%. 
1006).  The  two  latter  may  be  anchylosed 
to  the  xiphiplastral,  and  the  obturator 
notch  may  be  converted  into  a  foramen. 
The  humerus  has  an  ectepicondylar  groove, 
which  is  occasionally  converted  into  a  fora- 
men. There  is  a  centrale  in  the  carpus 
(fig.  829),  and  in  the  Chelydrida  also  in 
the  tarsus.  The  tarsus  may  probably  be 
regarded  as  having  five  distinct  tarsalia, 
as  in  the  Amphibia  and  Mesosaurus,  In 
both  the  manus  and  pes  there  are  always 
five  digits,  with  a  variable  number  of 
phalangeals.  Not  unfi-equently  the  bones  of  the  palate  develop 
inferior  plates  to  floor  the  nasal  passage,  and  thus  produce  second- 
ary posterior  nares  with  a  vertical  aperture.     Since  the  palaeonto- 


Fig.  1C08.— Right  side  of  the 
noral  girdle  of  Tettudo. 


Scapula . 
Coracoid. 


Precoracoid ; 
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legist  generally  has  to  deal  with  what  is  frequently  and  conveniently 
termed  the  shelly — ^that  is,  the  carapace  and  plastron  together, — 
attention  must  be  more  particularly  directed  to  its  structure  in  the 
more  typical  forms.  Commencing  with  the  epidermal  skeleton  of 
those  forms  in  which  this  is  fully  developed,  we  find  that  it  con- 
sists of  homy  shields,  which  usually  have  their  edges  in  apposi- 
tion, but  occasionally  overlap  (fig.  102 1).  On  the  upper  surface 
there  are  five  vertebral  shields  in  the  middle  line,  on  either  side  of 
which  there  are  four  costals ;  while  the  border  has  24  or  25  smaller 
shields,  of  which  the  median  anterior  one  (when  present)  is  termed 
the  nuchal^  and  the  double  or  single  posterior  shields  are  known 


Fi^p.  1009.— Bones  of  the  plastron  of  ThaUutochtlys  carttta.  Much  reduced,  w,  Epiplastral 
(daTide);  x,  Entoplastral  (interclavide) ;  kst  Hyoplastral ;  /f,  Hypoplastral ;  xt^  Xiphiplas- 
tnL    (After  Owen.) 

as  the  caudals  ;  the  remaining  eleven  on  either  side  being  reckoned 
as  marginals.  The  position  of  all  these  shields  is  exhibited  in 
fig.  10 1 7.  On  the  ventral  aspect  of  the  plastron  (fig.  1016) 
there  are  usually  six  pairs  of  shields,  of  which  the  most  anterior 
are  termed  gulars,  the  next  humerals  {postgulars),  the  next  pecto- 
rals;  then  the  abdominals;  thQ  femorals ;  and  finally  the  anals. 
In  some  cases,  however,  there  is  an  additional  intergular  (very 
rarely  double),  which  is  usually  (as  in  fig.  1012)  placed  between 
the  gulars,  but  in  some  cases  may  be  situated  below  the  gulars, 
being  then  surrounded  by  the  gulars,  humerals,  and  pectorals, 
as  in  Chelodina,  In  the  extinct  Archaochefys,  of  the  Wealden, 
where  the  intergular  occupies  the  latter  position,  there  is  also  a 
series  of  apparently  single  interpectoraly  interabdominal^  and  inter- 
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femoral  shields  dividing  the  normal  pairs  of  plastral  shields ;  and  it 
is  probable  that  this  may  be  regarded  as  the  archaic  type.  Similarly 
in  a  Chelonian,  mentioned  below  under  the  name  of  TropidewySy 
there  is  a  median  series  of  intervertebral  shields  dividing  the  normal 
vertebrals  into  two  lateral  rows.  In  some  cases  inframarginal 
shields  separate  the  marginal  from  the  plastral  shields. 

The  bones  of  the  carapace,  although  following  the  same  general 
arrangement,  do  not,  as  will  be  seen  from  the  figures,  by  any  means 


Fif .  ioo9^tf.~Upper  aniface  of  the  cvapace  of  Thalatsochelyt  careiiaj  with  the  epidermal 
shields  removed.  The  dark  lines  in  the  middle  region  indicate  the  boundaries  of  the  shields,  and 
the  sinuous  ones  the  sutures  between  the  bones,  nu^  Nuchal  bone :  >^,  Pygal  do. ;  the  bone 
above  this  marked  n  and  the  next  are  the  suprapygab ;  above  these,  tne  eight  neurals,  of  which 
the  first  is  marked  m  ;  c,  c,  Costal  bones ;  m,  m,  Marginal  do. ;  v,  v,  Venebral  shields.  Much 
reduced.    (After  Owen.) 

correspond  with  the  overlying  shields.  In  those  forms  with  a  well- 
developed  carapace  there  are  typically  (fig.  1017)  eight  median 
neural  bones  formed  by  the  expansion  of  the  spines  of  the  dorsal 
vertebrae  (fig.  loio);  these  being  preceded  by  a  nuchal^  and  fol- 
lowed by  two  or  more  suprapygals  and  a  pygaly  all  of  which  have 
no  connection  with  the  vertebrae.  While,  however,  the  nuchal  is  a 
cartilage  bone,  the  pygal  and  suprapygals  are  of  purely  dermal  origin. 
On  either  side  of  this  median  row  is  a  series  of  from  seven  to  nine 
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mtal  hones  (fig.  1009  dis)  formed  by  the  development  of  a  plate  on  the 
outer  surface  of  each  rib  (fig.  loio) ;  while  the  sides  of  the  carapace 
are  completed  by  the  eleven  marginals^  which  are  dermal  ossifica- 
tions, and  eight  of  which  receive  the  extremities  of  the  ribs  from  the 
second  to  the  ninth.  In  all  young  individuals,  and  in  many  of  the 
marine  Turdes  (fig.  1009  bis\  the  costal  bones  do  not  extend  to  the 
extremities  of  the  ribs,  and  consequently  leave  vacuities  on  the  inner 
side  of  the  marginals,  but  in  the  land  Tortoises  and  their  allies  (fig. 
1017)  the  carapace  is  entirely  bony.  In  some  instances,  again,  the 
number  of  neural  bones  may  be  reduced  (as  in  ^%,  10 14,  where 
there  are  but  seven),  and  very  rarely  they  are  entirely  wanting,  so 
that  all  the  costals  meet  in  the  middle  line.  The  two  suprapygals 
may  also  be  reduced  to  one,  as  in  fig.  10 14.  Similar  variations 
occur  in  respect  to  the  degree  of  ossification  of  the  plastron ;  since 


Fig.  toia— Transverse  section  through  the  shell  of  CheUmt  myda*.  Reduced,  e^  Vertebral 
caMrum ;  «,  Expanded  neural  spine ;  r,  Rib ;  c',  Costal  bone ;  m,  Marginal  do. ;  >,  Plastron. 
(After  Hudey.) 

while  in  all  young  individuals,  and  in  the  existing  marine  forms  (fig. 
1009)  throughout  a  great  part  or  the  whole  of  life  there  are  vacuities 
between  the  bones,  in  the  land  Tortoises  and  their  allies  the  bones 
are  all  connected  by  suture. 

In  the  marine  Turtles  the  plastron  is  totally  unconnected  with 
the  carapace ;  but  in  most  other  forms  the  hyo-  and  hypoplastrals 
send  up  longer  or  shorter  peduncles  underlying  the  marginals,  and 
in  some  cases  also  the  costals  of  the  carapace,  and  thus  form  well- 
marked  axiilary  and  inguinal  buttresses.  These  peduncles  are 
longest  in  some  of  the  existing  Pleurodira ;  while  the  inward  prom- 
inence of  the  buttresses  is  most  marked  in  the  Indian  Batagurs. 

Considerable  variation  occurs  in  the  skulls  of  the  different  groups, 
but  it  can  only  be  mentioned  here  that  in  some  genera  like  Chelydra 
and  Chelone  the  supratemporal  fossa  is  more  or  less  completely 
roofed  over  by  the  development  of  plates  extending  outwards  from 
the  parietal  and  backwards  from  the  postfrontal;  this  roof  being 

1  OocaaonaUy  the  number  of  marginals  may  be  increased  to  twelve  or  reduced 
to  ten. 
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most  complete  among  existing  forms  in  Chelane  and  DermochelySy 
where  the  parietal  joins  the  squamosal.  In  such  cases,  in  addition 
to  the  inferior  temporal  arcade  formed  by  the  quadrate,  quadrato- 
jugal,  and  jugal,  as  in  fig.  1007,  there  is  also  a  superior  arcade  con- 
stituted by  the  squamosal  and  postfrontal.  Whereas,  however,  such 
arcades  in  the  Crocodilia  (fig.  1089)  are  separated  by  the  infratem- 
poral fossa,  in  the  Chelonia  they  are  in  immediate  contact 

The  feet  may  either  have  all  the  digits  free,  or  enclosed  in  a  com- 
mon integument  to  form  paddles. 

The  humerus  of  existing  Chelonians  is  a  very  peculiar  bone  char- 
acterised by  its  extremely  prominent  globular  head ;  but  in  certain 
Jurassic  forms  (^.^.,  Acichelyida)  this  head  was  much  smaller,  so  that 
the  bone  departs  less  from  a  normal  type.  On  either  side  of  this  head 
there  is  a  projecting  ridge,  of  which  the  radial,  or  preaxial,  one  (generally 
termed  the  lateral  process)  corresponds  with  the  deltoid  crest  of  the  Cro- 
codilian humerus ;  while  the  ulnar  or  postaxial  (mesial)  process  repre- 
sents the  inner  tuberosity  of  the  same.  In  all  Pleurodiran  Testudinata 
the  radial  process  is  comparatively  small,  and  the  ulnar  process  placed 
in  the  same  transverse  line  as  the  distal  surface  of  the  bone.  In  many 
Cryptodira,  however,  and  more  especially  in  the  land  Tortoises,  the 
radial  process  forms  a  thin  plate  extending  towards  the  ventral  aspect, 
and  the  ulnar  process  becomes  twisted  round  to  the  same  aspect ;  thus 
causing  the  pit  between  the  two  processes  to  form  a  narrow  fimnel-shaped 
channel  instead  of  being  very  broad  and  open.  At  the  same  time  the 
shaft  becomes  extremely  cur\'ed.  In  the  marine  Turtles,  where  the  shaft 
is  nearly  straight,  the  radial  process  tends  to  become  aborted,  and  to 
attain  a  position  more  or  less  below  the  head.  In  the  Athecata,  which 
likewise  have  a  nearly  straight  humerus,  the  radial  process,  while  de- 
scending on  the  shaft,  tends  to  an  excessive  development 

In  time  this  order  dates  from  the  Upper  Trias;  and  it  had 
attained  great  development  in  the  Upper  Jurassic,  from  which  date 
it  appears  to  have  gone  on  increasing  till  the  later  Tertiary. 

Considerable  diversity  of  views  obtains  as  to  the  classification 
of  the  Chelonia,  but  according  to  the  system  now  followed  in  the 
British  Museum  it  may  be  divided  into  the  two  suborders  Athecata 
and  Testudinata. 

Suborder  i.  Athecata. — ^This  group  contains  those  forms  which 
have  been  usually  regarded  as  showing  the  nearest  approximation  to 
other  Reptiles,  and  therefore  representing  the  most  generalised  type 
of  the  order.  Dr  Baur,  however,  takes  the  opposite  view,  and  re- 
gards them  as  the  most' specialised  group,  which  has  tended  to  more 
or  less  completely  lose  the  carapace.  Before,  however,  a  decisive 
opinion  can  be  given  on  this  question  it  must  be  determined  whether 
the  absence  of  a  bony  connection  in  this  group  between  the  parietals 
and  pterygoids  is  to  be  regarded  as  an  acquired  or  as  an  original 
feature.  It  may  be  observed  that  Dr  Baur  regards  the  group  as 
closely  allied  to  the  Chelonidce^  but  if  the  undermentioned  Triassic 
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genus  Psefhoderma  be  rightly  referred  to  it,  we  have  at  once  a  great 
obstacle  to  the  acceptance  of  his  view. 

The  suborder  may  be  briefly  characterised  by  the  circumstance 
that  the  carapace  is  entirely  of  dermal  origin,  and  quite  separate 
from  the  vertebrae  and  ribs,  and  may  consist  merely  of  a  series  of 
marginal  bones,  or  of  marginals  with  a  single  median  dorsal  row  of 
broad  scutes,  or  of  a  number  of  small  irregular  scutes,  with  longi- 
tudinal rows  of  larger  ones;  while  the  plastron  (fig.  ion)  has  no 
entoplastral  (interclavicular)  element  The  cranium  is  characterised 
by  the  absence  of  vertical  plates  connecting  the  parietals  with  the 
pterygoids.  All  the  forms  are  of  marine  habits,  and  consequently 
the  extremities  of  the  limbs  are  modified  into  paddles  like  those  of 
the  ChelonidiB, 

Before  noticing  the  two  established  families,  it  may  be  observed 
that  the  imperfectly  known  Fsephoderma  of  the  Upper  Trias  of 
Bavaria  and  England  is  founded  on  a  specimen  which  appears  to 
be  a  carapace  of  a  member  of  this  suborder,  although  it  has  been 
suggested  that  it  is  not  Chelonian  at  all.  This  presumed  carapace  is 
formed  of  a  number  of  polygonal  scutes,  traversed  by  longitudinal 
rows  of  keeled  scutes.  Here  also  may  be  mentioned  the  genus 
MaallognathuSy  founded  upon  the  anterior  portion  of  a  toothed 
mandible  from  the  Upper  Jurassic  of  North  America,  which  Pro- 
fessor Marsh  regards  as  showing  affinity  with  the  Chelonia,  and 
which  may  possibly  indicate  a  generalised  family  of  the  present 
suborder. 

Family  PRorosTEGiDiE. — This  family  is  usually  regarded  as  the 
least  specialised  of  the  two  that  are  yet  established,  although  an 
opposite  view  is  taken  by  Dr  Baur.  The  carapace,  according  to 
the  interpretation  of  that  authority,  is  represented  merely  by  a  row 
of  marginal  scutes;  but  the  plastron  is  strongly  developed,  and 
composed  of  very  thick  ossifications.  The  type  genus  Protostega 
occurs  typically  in  the  Cretaceous  of  North  America.  It  was  con- 
sidered by  its  describer  Professor  Cope  to  have  possessed  a  solid 
carapace,  but  the  bones  which  he  regarded  as  probably  dorsal  appear 
to  belong  to  the  plastron.  It  was  also  suggested  that  the  dorsal 
vertebrae  were  procoelous,  with  traces  of  transverse  processes ;  but 
these  vertebrae  are  probably  referable  to  the  cervical  region.  The 
type  species  attained  very  large  dimensions.  An  allied  form  from 
the  Upper  Cretaceous  of  Italy  has  been  described  under  the  name 
of  Protosphargis  (fig.  loii),  but  further  evidence  is  required  to 
prove  its  right  to  generic  distinction  from  the  American  form.  It 
has,  indeed,  been  asserted  that  there  were  no  marginal  bones, 
but  according  to  Dr  Baur  this  is  incorrect.  In  the  Cambridge 
Greensand  and  the  English  Chalk  there  occur  humeri  of  Athecate 
Chelonians  which  have  been  provisionally  referred  to  Protostega. 
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It  is  uncertain  whether  the  remains  from  the  American  Cretaceous 
described  as  Atlantochelys  belong  to  the  last-named  genus. 

Family  DERMOCHELYiDiE. — This  family  is  characterised  by  having 
a  carapace  composed  either  of  a  median  row  of  large  and  broad 
scutes  and  lateral  marginal  rows,  or  of  a  mosaic  of  small  irregular 
scutes,  or  tessarae,  traversed  by  longitudinal  rows  of  larger  ones. 
The  plastron  varies  considerably ;  and  the  humerus,  which  is  of  the 
flattened  type  of  that  of  the  Cheionidce^  is  distinguished  from  that 
of  the  preceding  family  by  the  great  development  of  its  radial  pro- 


Fig,  loii. — Ventral  aspect  of  the  plastron  and  thoracic  region  q,{ Protospkargis  vtrotuntixi 
from  the  Upper  Cretaceous  of  Italy.     One-fifteenth  natural  sixe.    (After  CapellinL) 

cess,  which  is  situated  near  the  middle  of  the  shaft  The  skull  has 
the  temporal  fossae  completely  roofed,  as  in  the  Cheloniday  and 
an  open  tympanic  ring,  but  has  no  bony  floor  beneath  the  narial 
passage.  Whereas  all  the  members  of  the  preceding  family  are  of 
moderate  size,  several  representatives  of  the  present  one  attained 
huge  dimensions.  The  earliest  representative  is  the  genus  Eosphargis^ 
of  the  London  Clay,  of  which  the  one  known  species  was  originally 
described  as  Cheione  gigas.  The  skull  is  of  the  general  type  of  that 
of  the  next  genus,  but  the  carapace  apparently  consists  only  of  a 
median  row  of  very  broad  and  large  carinated  scutes,  and  also  of 
a  row  of  marginals ;  the  structure  of  the  plastron  is  not  definitely 
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known,  but  it  was  doubtless  devoid  of  tessarae.  The  allied  Psepho- 
pharus,  ranging  in  Europe  from  the  Middle  Eocene  to  the  Upper 
Miocene,  and  also  found  in  the  Upper  Eocene  of  the  United  States, 
is  characterised  by  the  presence  of  a  complete  tesselated  carapace 
and  plastron.  In  the  carapace  the  longitudinal  rows  of  larger  scutes 
are  not  carinated,  and  are  more  approximated  than  in  the  existing 
genus ;  the  carapace  is  also  thicker  than  in  the  latter ;  and  there 
are  larger  marginals.  It  is  also  suggested  that  the  carapace  may 
have  had  homy  epidermal  shields.  The  skull  is  short  and  much 
depressed.  The  existing  genus  Dermochelys  {Sphargis)  is  represented 
only  by  the  well-known  Leathery-turtle,  and  is  characterised  by  the 
absence  of  a  tesselated  plastron ;  by  the  carination  of  the  scutes  of 
the  larger  rows  of  the  carapace ;  by  the  comparative  thinness  of  the 
carapace,  which  is  devoid  of  epidermal  shields ;  and  by  the  longer 
and  more  vaulted  skull.  It  is,  moreover,  worthy  of  note  that  in 
this,  as  in  the  preceding  genus,  there  is  a  distinct  nuchal  bone  at 
the  anterior  extremity  of  the  carapace,  corresponding  to  the  nuchal 
of  the  Testudinata ;  but  there  are  no  marginal  ossifications.  The 
one  existing  sp>ecies  of  Dermochelys  attains  a  length  of  nearly  five 
feet,  but  a  species  of  Fsephophorus  is  estimated  to  have  been  as 
much  as  ten  feet  in  length.  The  skull  of  Eospkargis^  although 
much  larger  than  that  oi  Fsephophorus^  does  not  apparently  indicate 
a  much  larger  carapace. 

Suborder  2.  Testudinata. — This  suborder,  for  which  the  name 
Thecophora  ^  is  also  employed,  includes  by  far  the  great  majority 
of  the  order,  or  all  those  forms  commonly  known  as  Tortoises, 
Terrapins,  and  Turtles.  The  group  is  characterised  by  the  middle 
r^'on  of  the  carapace  being  formed  of  bony  plates,  developed 
primarily  from  the  ribs  and  the  neural  spines  of  the  dorsal  vertebrae, 
to  which  it  is  firmly  welded.  The  outer  surface  of  the  carapace  is 
very  generally  smooth  and  overlain  by  homy  epidermal  shields,  but 
it  may  be  sculptured  and  devoid  of  such  shields.  The  parietal 
bones  of  the  skull  in  all  cases  send  down  vertical  descending  plates, 
which  may  either  unite  directly  with  the  pterygoids,  or  be  separated 
therefrom  by  the  intervention  of  the  columella  or  epipterygoid.  It 
may  be  observed  that  in  nearly  all  the  Mesozoic  forms  the  vertebral 
shields  are  very  wide,  and  that  this  condition  obtains  in  the  young 
of  the  later  forms.  This  suborder  may  be  divided  into  four  sec- 
tions ;  one,  and  not  improbably  two,  families  of  the  third  section 
being  of  marine  habits. 

Section  i.  Amphichelydia. — This  section  is  formed  for  the 
reception  of  certain  extinct  Chelonians,  mostly  of  Mesozoic  age, 
which  combine  in  a  remarkable  manner  the  characters  of  the  two  fol- 

'  This  name  is  objectionable,  as  being  employed  for  an  order  of  Hydroid 
Zoophytes  {vide  supra,  vol.  I  p.  203). 
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lowing  sections,  and  may  probably  be  regarded  as  the  survivors  of 
the  earlier  ancestral  types  from  which  those  two  sections  took  origin. 
They  are  all  characterised  by  the  presence  of  a  mesoplastral  bone, 
and  of  an  intergular  shield  in  the  plastron ;  and  the  pelvis  may  or 
may  not  be  connected  with  the  xiphiplastrals.  The  entoplastral  is 
rhomboidal.     The  skull  and  cervical  vertebrae  are  unknown. 

Family  PLEUROSTERNiDiE. — All  the  members  of  this  section  may 
be,  at  least  provisionally,  included  in  this  family.  In  addition  to 
the  characters  given  above,  it  may  be  observed  that  the  shell  is 
fully  ossified,  and  that  the  carapace  has  a  complete  series  of 
neural  bones,  of  which  the  hindmost  articulates  with  the  anterior 

suprapygal  bone.  On  the  sup- 
position that  the  Chelonian 
plastron  is  derived  from  a 
system  of  abdominal  ribs  like 
those  of  the  Rhynchocephalia 
and  Sauropterygia,  it  will  be 
evident  that  the  mesoplastral 
of  the  present  group  is  an 
archaic  feature. 

In  the  typical  genus  Pleuro- 
sternum  {Megasternum  or  Z>/- 
gerrkum\  which  occurs  com- 
monly in  the  English  Purbeck, 
and  is  also  found  in  the  Port- 
land Oolite,  the  shell  is  broad 
and  depressed,  with  complete 
mesoplastrals  (fig.  10 12),  a 
large  and  wide  entoplastral,  a 
single  intergular  shield,  and  no 
nuchal  shield.  In  the  adult 
the  pubis  articulates  with  a 
smooth  facet  on  the  xiphi- 
bone;  «f/A^ Entoplastral  do.;' A^.>;^^  plastral,  thus  foreshadowing  the 

do. ;  ms.py  Mesoplastral  do. ;  A/.>,  Hypoplastral    '^  '  .  ,   .    , 

do. ;  xA  xiphipiastrai  do.  Complete  sutural  umou  which 

occurs  between  these  bones  in 
the  Pleurodira ;  but  in  the  young  it  appears  that  there  was  no  such 
articulation.  The  neural  bones  of  the  carapace  are  hexagonal  and 
comparatively  long ;  while  the  vertebral  shields  (as  in  so  many  of 
the  earlier  Chelonians)  were  relatively  wide.  Further,  inframarginal 
shields  (shown  in  fig.  1012)  were  developed  between  the  shields  of 
the  plastron  and  the  marginal  shields  of  the  carapace ;  while  the 
extremities  of  the  xiphiplastrals  were  notched.  The  bones  of  the 
pectoral  girdle  and  the  humerus  approximate  to  those  of  the  existing 
Pleurodiran  genus  Cheiys. 


Fig.  1012.  —  The  plastron  of  PUurostemum 
Bullocki;  from  the  Purbeck  of  Dorsetshire.  One- 
third  natural  sire,  igy  Intergular  scute  ;  jf,  Gular 
do. ;  ^c.  Pectoral  do. ;  ab^  Abdominal  do. ;  /em. 
Femoral    do. ;    aw,   Anal    do. ;    r.>,    Epiplastral 
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Much  confusion  has  arisen  in  regard  to  this  genus  owing  to  a 
plastron  having  been  described  under  the  name  oiPlatemys  BuUocki^ 
under  the  erroneous  impression  that  it  had  been  obtained  from  the 
London  Clay.  Remains  of  Pleurostemum  are  extraordinarily  abun- 
dant in  the  Purbeck  of  Dorsetshire ;  and  include  specimens  of  all 
ages,  from  the  newly  hatched  young,  with  a  carapace  of  a  couple  of 
inches  in  length,  to  adult  specimens  which  are  close  upon  twenty 
inches.  Curiously  enough,  however,  no  specimen  of  the  skull 
seems  to  have  been  obtained.  The  young  appears  to  have  differed 
considerably  in  the  details  of  the  shell  from  the  adult ;  thus,  not 
only  was  the  pubis,  as  already  mentioned,  entirely  unconnected 
with  the  plastron,  but  the  marginal  bones  encroached  in  a  remark- 
able manner  upon  the  front  of  the  nuchal.  Moreover,  it  seems 
that  in  very  young  individuals  the  vertebral  shields  were  divided  in 
the  middle. 

In  Helochelys^  of  the  Lower  Greensand  of  Bavaria,  we  have  an- 
other genus  also  furnished  with  complete  mesoplastrals,  but  ap- 
parently without  any  articulation  between  the  pubis  and  the 
plastron.  The  shell  is  ornamented  with  a  pustular  sculpture  re- 
sembling that  found  in  the  genus  Tretostemum^  mentioned  below 
among  the  Chefydrida,  The  plastron  differs  from  that  of  Pleuro- 
sternum  in  that  the  xiphiplastrals  were  not  notched;  and  there 
appears  to  have  been  a  nuchal  shield. 

The  next  two  genera,  constituting  the  family  Baenida  of  Professor 
Cope,  may  be  at  least  provisionally  placed  here.  Both  are  devoid 
of  a  bony  attachment  between  the  pelvis  and  plastron.  The  genus 
Platychelys  (HeUfnys\  typically  from  the  Lower  Kimeridgian  litho- 
graphic limestone  of  the  Continent,  is  readily  distinguished  by  the 
number  of  irregular  ridges  and  prominences  on  the  carapace  (fig. 
'0J3)>  and  by  the  width  and  irregular  contour  of  the  neural  bones. 
The  mesoplastrals  are  small,  and  widely  separated  in  the  middle 
line;  and  the  intergular  shield  is  single. 

The  genus  Baena^  from  the  Eocene  of  the  United  States,  has  the 
mesoplastrals  meeting  only  by  a  point  in  the  middle ;  and  is  further 
remarkable  for  the  presence  of  double  intergular  shields,  and  the 
presence  of  a  small  additional  costal  shield  in  advance  of  the  normal 
first  costal.  The  caudal  vertebrae  are  opisthocoelous.  Professor 
Cope,  who  places  this  genus  in  the  Cryptodira,  regards  it  as  indi- 
cating a  generalised  type,  showing  marked  signs  of  affinity  with  the 
Pleurodira,  and  exhibiting  traces  of  an  imperfect  connection  between 
the  pelvis  and  the  plastron.  The  extinct  North  American  genus 
PolythorcLx  should  perhaps  be  also  placed  in  this  family,  although  it 
is  not  certain  that  it  is  not  allied  to  the  Cryptodiran  Adorns. 

Here  also  may  be  mentioned  the  very  imperfectly  known  genus 
ArcIuEochefys^  of  the  English  Wealden,  in  which,  as  observed  above, 
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the  paired  shields  6f  the  plastron  were  separated  by  a  median  series 
of  azygous  shields,  which  probably  extended  backwards  from  the  in- 
tergular  to  the  extremity  of  the  xiphiplastral.  If  the  separate  bones 
are  rightly  interpreted,  it  would  appear  that  the  plastron  had  a 
mesoplastral  element,  which,  instead  of  being  situated  in  the  middle 
of  the  bony  bridge  as  in  Pleurostemum  (fig.  1012),  and  taking  no 
part  in  the  formation  of  the  axillary  notch,  formed  the  anterior  part 
of  this  bridge  and  the  whole  of  the  notch.  The  hyoplastral  would 
therefore  be  entirely  above  the  latter  notch,  as  in  the  existing  Pleu- 


Fig.  X0X3.— Carapace  o{  Platycfufys  Obemdor/ert:  from  the  Lower  Kimeridgian  of  Bavaria. 
One-third  natural  size.    (After  Wagner.) 

rodiran  genus  Stemothctrus,  Possibly  also  a  Chelonian,  from  the 
Lower  Jurassic  of  Stonesfield,  described,  upon  the  evidence  of  the 
impressions  of  the  epidermal  shields  of  the  carapace,  under  the 
name  of  Tesiudo  Stricklandiy  should  also  find  a  place  in  this  group. 
The  name  Protochelys  may  be  proposed  for  this  form,  which  has 
certainly  nothing  to  do  with  Testudo, 

Section  2.  Pleurodira. — The  members  of  this  section  are,  as 
a  rule,  characterised  by  the  complete  ossification  and  union  of  the 
carapace  and  plastron,  and  by  the  full  development  of  the  marginal 
bones,  which  are  connected  with  the  ribs,  as  well  as  by  the  sutural 
union  or  anchylosis  (synostosis)  of  the  pelvis  with  both  the  carapwice 
and  the  xiphiplastral  part  of  the  plastron.     Very  frequently  the  first 
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suprapygal  bone,  and  some  (fig.  1014)  or  occasionally  all  of  the 
neural  bones  are  absent ;  and  when  epidermal  shields  are  developed 
an  intergular  (as  in  fig.  10 12)  is  present  on  the  plastron.  This 
shield  is,  however,  sometimes  found  in  the  next  section,  in  which 
the  neurals  may  also  be  reduced  in  number.  The  entoplastral 
bone  (as  in  the  preceding  section)  is  either  oval  or  rhomboidal; 
and  a  mesoplastral  bone  (compare  fig.   1012)  may  be  present 

In  the  skull  of  existing  and  Tertiary  types  the  tympanic  cavity  is 
completely  surrounded  by  the  quadrate,  which  forms  an  unbroken 
ring;  the  articular  surface  of  the  quad- 
rate has  a  concavity  for  the  reception  of 
a  condyle  on  the  mandible ;  the  pteryg- 
oids are  very  broad  and  wing-like ;  the 
vomer  may  be  absent,  so  that  the  pala- 
tines may  meet  in  the  middle  line ;  and 
there  may  be  distinct  nasals,  and  a  suture 
in  the  mandibular  symphysis.  The  cer- 
vical vertebrae  have  well-developed  trans- 
verse processes,  and  single  terminal  ar- 
ticulations; while  there  are  never  more 
than  three  phalangeals  to  the  digits. 

The  Pleurodira  are  further  character- 
ised by  their  inability  to  retract  the  head 
directly  within  the  carapace ;  but  the 
neck  is  bent  on  one  side  and  the  head 
thus  brought  within  the  margin  of  the 
shell  In  all  cases  the  labyrinth  of  the 
ear  is  completely  open  from  behind. 

At  the  present  day  this  section  is  al- 
most exclusively  confined  to  the  southern 
hemisphere;  but  in  the  Eocene  forms 
more  or  less  nearly  allied  to  existing 
types  were  widely  spread  over  the  north- 
em  hemisphere,  and  in  the  Mesozoic 
there  were  many  European  representa- 
tives of  the  group.  With  the  exception 
of  PodocnemiSy  the  existing  forms  are  carnivorous,  and  the  whole  of 
them  are  thoroughly  aquatic. 


Fig.  1014.— The  right  half  of  the 
carapace  of  Stemothatrus  *^ig^i' 
cans;  from  Madagascar.  The  thick 
lines  indicate  the  boundaries  of  the 
epidermal  shields. 


At  least  one  of  the  two  earliest  known  genera  of  Testudinata  has  been 
referred  to  this  section  ;  and  from  the  occurrence  in  many  existing  forms 
of  separate  nasals,  and  of  a  mesoplastral  bone,  we  may  regard  this  sec- 
tion as  retaining  evidence  of  a  close  alliance  with  a  primitive  generalised 
type  which  has  been  lost  among  existing  Cryptodira,  since  it  is  nearly 
certain  that  features  like  these  if  once  lost  would  not  reappear,  except 
as  abnormalities.    The  presence  of  transverse  processes  to  the  cervical 
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vertebrae  would  also  seem  to  be  a  generalised  character ;  and,  from  the 
evidence  afforded  by  the  above-mentioned  Pleurostemum  and  Arckao- 
chelysy  the  presence  of  an  intergular  shield  should  probably  be  likewise 
regarded  in  the  same  light.  The  anchylosis  of  the  pelvis  to  the  plastron, 
as  pointed  out  by  M.  DoUo,  would,  however,  seem  to  prevent  us  from 
regarding  the  Pleurodira  as  the  ancestors  of  the  Cryptodira ;  and  it  is 
more  probable  that  both  sections  should  be  regarded  as  divergent 
branches  of  a  common  stock,  probably  represented  by  Amphichelydia  of 
earlier  age  than  those  yet  known. 

It  would  seem  probable  that  the  palate  of  the  earlier  Mesozoic  Pleuro- 
dirans  approximated  to  the  Cryptodiran  type,  and  that  the  peculiar  man- 
dibular articulation  and  closed  tympanic  ring  of  the  existing  forms  are 
acquired  features.  The  skull  of  the  Mesozoic  types  appears  generally  to 
have  been  roofed  over  after  the  fashion  of  the  modem  Turtles  ;  this  stnic- 
ture  having  apparently  been  common  to  many  of  the  earlier  forms  of  both 
this  and  the  following  sections  of  the  suborder. 

Family  PROGANOCHELYiDiE.  —  This  name  is  proposed  by  Dr 
Baur  for  the  reception  of  the  genus  Proganachelys^  from  the  Keuper 
of  Wiirtemberg,  which  he  regards  as  a  Pleurodiran,  although  differ- 
ing from  all  other  members  oi  the  section  in  that  the  plastron  unites 
only  with  the  edges  of  the  marginals,  without  giving  off  axillary  and 
inguinal  buttresses.  It  is  suggested  that  mesoplastral  bones  were 
present,  while  the  carapace  is  compared  to  that  of  Fiatychelys, 
The  latter  resemblance  suggests  that  this  form  might  belong  to  the 
Amphichelydia,  but  a  study  of  the  figure  of  the  type  specimen  given 
by  Professor  Quenstedt,  under  the  synonym  of  Psammochefys^  shows 
that  its  extremely  imperfect  nature  scarcely  permits  any  decisive 
opinion  to  be  formed  as  to  its  true  affinities.  Whether  the  imper- 
fectly known  and  apparently  aberrant  genus  Oielytherium  of  the 
Keuper  is  an  allied  form  cannot  yet  be  determined. 

Family  PLESiocHELYiDiE. — ^This  Mesozoic  family  is  characterised 
by  the  total  absence  of  the  mesoplastral  element  in  the  plastron,  and 
also  by  the  circumstance  that  the  pubis  alone  is  united  with  the 
xiphiplastral ;  while  there  may  or  may  not  be  a  complete  series  of 
neural  bones  articulating  posteriorly  with  the  suprapygal.  The  plas- 
tral  shields  are  separated  from  the  marginals  by  the  intervention  of 
a  series  of  inframarginals ;  and  the  plastron,  as  in  the  succeeding 
families,  is  connected  by  long  buttresses  with  the  carapace.  The 
humerus  is  of  the  type  found  in  existing  Pleurodira ;  and  the  second 
digit  of  the  manus,  when  known,  has  but  two  phalangeals.  The 
skull  is  known  only  in  a  few  cases  with  certainty. 

The  typical  genus  Pksiochelys  and  the  closely  allied  Craspedochelys 
were  originally  described  from  the  Lower  Kimeridgian  Lithographic 
limestones  of  Bavaria  and  France.  These  genera  have  a  thick  shell, 
with  the  full  complement  of  neural  bones,  which  posteriorly  join  the 
first  suprapygal,  and  with  the  vertebral  shields  of  the  carapace  of 
moderate  width.      The  entoplastral   bone   is  relatively  wide  and 
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rounded ;  the  nuchal  is  but  slightly  emarginate ;  and  the  intergular 
shield  is  double.  The  surface  of  the  carapace  is  usually  marked  by 
flutings.  Some  at  least  of  the  Chelonians  from  the  Kimeridgian  of 
Hanover  which  have  been  described  under  the  preoccupied  name 
of  Sfylemys  may  be  included  in  Flesiochelys^  and  this  genus  is  also 
represented  in  the  English  Wealden. 

Allied  Chelonians,  from  the  Kimeridgian  of  Hanover,  described 
under  the  name  of  Chelonides  (likewise  preoccupied),  not  improbably 
indicate  forms  connecting  Fksiochelys  with  the  undermentioned 
Hylaochefys,  In  one  specimen  referred  to  the  type  species  of  Chel- 
anideSy  there  are  but  seven  neural  bones ;  but  the  vertebral  shields 
are  narrower  than  in  typical  species  of  Hylaochelys.  If  these  forms 
are  really  entided  to  rank  as  a  distinct  genus  they  require  a  new 
name.  A  skull  said  to  have  been  associated  with  the  shell  of  the 
type  species  of  Chelonides  has  the  temporal  fossae  roofed  over  by 
bone,  while  the  palatines  are  described  as  meeting  in  the  middle 
line  after  the  manner  of  many  existing  Pleurodira.  From  the  occur- 
rence of  PUsiochelys  and  the  undermentioned  Hylaochelys  in  the 
Wealden,  and  the  apparent  rarity  of  the  Adchelyida  in  the  same 
beds,  it  is  probable  that  the  members  of  this  family  were  of  fresh- 
water habits. 

It  is  probable  that  the  genus  Paracheiys  of  the  Lithographic  Lime- 
stone (which  was  considered  by  Professor  von  Zittel  to  be  indis- 
tinguishable from  Acichelys)  is  really  identical  with  Plesiochelys ;  in 
which  case  the  former  name  should  supersede  the  latter,  and  the 
family  name  ParachelyidcR  replace  Plesiochelyida.  The  humerus  of 
this  genus  resembles  that  of  recent  Pleurodira,  and  is  widely  different 
from  that  type  of  humerus  which  appears  to  be  referable  to  the 
AdcheJyida.  The  number  of  the  phalangeals  in  the  digits  of  the 
manus  of  this  form  (and  also  in  Idiochelys)  is  2,  2,  3,  3,  3  ;  and  this 
presents  a  decided  approximation  to  the  existing  Pleurodiran  genus 
Peiomedusa^  which  differs  from  all  other  freshwater  forms  now  living 
in  that  there  are  only  two  phalangeals  in  each  digit. 

The  name  HylcRocfielys  has  been  proposed  for  an  allied  genus  of 
Chelonians  typically  represented  by  the  so-called  Pleurosternum 
latiscutcUum  of  the  English  Purbeck,  which  as  shown  by  a  shell 
from  the  Wealden  preserved  in  the  British  Museum,  belongs  to  the 
present  family.  This  genus  is  distinguished  from  PUsiochelys  by  the 
much  wider  vertebral  shields  of  the  carapace,  in  which  the  width 
may  exceed  three  times  the  length ;  and  also  by  the  narrower  and 
diamond-shaped  entoplastral  bone ;  as  well  as  by  the  circumstance 
that  the  neural  bones,  at  least  usually,  do  not  join  the  suprapygals, 
and  are  generally  interrupted  in  the  middle  of  the  series ;  while  the 
hypoplastral  bone  is  relatively  shorter.  Both  in  this  and  the  pre- 
ceding genus  there  may  be  a  vacuity  in  the  middle  of  the  plastron. 
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It  would  appear  that  the  Purbeck  form  described  as  Pleurosternum 
emarginatum^  as  well  as  the  Wealden  specimens  to  which  the  names 
Chelone  Belli  {costata),  and  Platemys  Dixoni  and  Mantelli  have 
been  applied,  are  likewise  referable  to  Hylctochelys,  It  is,  moreover, 
very  probable  that  a  Chelonian,  from  the  Upper  Greensand  of  Kent, 
to  which  the  name  Plastremys  has  been  given  without  description,  is 
also  referable  to  this  genus. 

The  genus  Idiochelys  {Chelonemys)  and  the  allied  Hydropelta^  of 
the  Lower  Kimeridgian  of  the  Continent,  would  appear  to  be  closely 
allied  to  the  preceding.  Idiochelys  resembles  Hylxochelys  in  its  ex- 
tremely wide  vertebral  shields,  and  also  in  its  small  and  diamond- 
shaped  entoplastral  bone,  but  differs  in  that  the  number  of  neural 
bones  is  generally  much  reduced,  so  that  many  of  the  costals  meet 
in  the  middle  line ;  while  there  are  also  differences  in  the  contour 
of  the  lower  plastral  shields.  This  genus,  which  is  known  only  by 
immature  specimens,  was  indeed  regarded  by  Professor  Riitimeyer 
as  essentially  Pleurodiran,  although  there  was  no  absolutely  decisive 
evidence  in  support  of  this  view.  The  shell  is  thinner  than  in  Plesio- 
chelys ;  and  the  skull  has  the  temporal  fossas  roofed  over  by  bone, 
and  apparently  had  a  long  sutural  union  between  the  postfrontal  and 
parietal. 

Mesozoic  Chelonians  of  Uncertain  Position. — It  will  be  con- 
venient to  notice  in  this  place  several  Mesozoic  Chelonians  mostly 
known  to  us  only  by  the  skull,  of  which  the  serial  position  cannot 
at  present  be  determined.  A  large  skull  from  the  Portland  Oolite, 
originally  described  as  Chelone  platyceps^  but  subsequently  made  the 
type  of  the  provisional  genus  Stegochelys^  is  characterised  by  the 
incomplete  roofing  of  the  temporal  fossae,  and  the  meeting  of 
the  prefrontals  in  the  middle  line,  while  it  is  stated  to  have  distinct 
nasals.  The  palate  is  unknown.  The  size  of  this  specimen  sug- 
gests that  it  may  perhaps  be  referable  to  the  Cryptodiran  genus 
Thalassemys  of  the  Kimeridgian. 

In  the  Wealden  of  Belgium  there  occur  remains  of  young  Chelon- 
ians to  which  the  name  Chiiracephalus  has  been  applied.  There  is 
no  mesoplastral  bone;  and  the  skull  is  characterised  by  its  elongated 
form,  open  temporal  fossae,  and  the  approximation  of  the  orbits  to 
the  nares. 

In  the  Upper  Cretaceous  genus  Rhinochelys  the  shell  is  only 
known  by  fragments.  The  skull  (fig.  10 14  bis)  has  an  inferior 
temporal  arcade,  the  temporal  fossae  are  completely  roofed  over, 
the  palatines  meet  in  the  middle  line,  the  nasals  are  distinct  from 
the  prefrontals,  which  are  separated  from  one  another  by  the 
frontals,  the  pterygoids  are  comparatively  narrow,  and  laterally 
emarginate,  while  the  symphysial  suture  of  the  mandible  is  obli- 
terated.    The  humerus  is  of  the  Pleurodiran  type  found  in  Para- 
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chelys.  It  has  been  suggested  that  this  genus  is  Pleurodiran  ;  and 
if  this  prove  to  be  the  case  it  will  be  interesting  as  showing  an  ap- 
proximation in  several  cranial  features  to  the  Cryptodira.  In  its 
complete  roof  the  skull  of  this  genus  approximates  to  the  Chelonida. 
Remains  oi  Rhinachelys  are  very  abundant 
in  the  Cambridge  Greensand,  and  they 
are  also  met  with  in  the  Gault  and  the 
Lower  Chalk.  Fragmentary  Chelonian 
shells  from  the  Cambridge  Greensand, 
to  which  the  name  Trachydermochelys 
has  been  applied,  are  not  improbably 
referable  to  this  genus.  They  are  char- 
acterised by  their  pustulate  external  sur- 
face ;  the  pustules  being  much  larger 
than  in  the  Amphichelydian  genus  Helo- 
chilys  of  the  Lower  Greensand.  A 
somewhat  similar,  although  less  marked, 
pustulation  occurs  in  the  existing  Chelo- 
dina. 


Pfr 


Fig.   1014  ^«.  —  The  cranium  of 
RktMccJUl^s  coHtabrigiensiSy  imper* 

Family    PELOMEDUSiDiE. — Reverting   G^iI!^nd.°'^%?^p«Setai ;  ptX, 
to  the  consideration  of  undoubted  Pleu-  frTnSfr^^^aLIu"'** '  ^"^^  ^"" 


r,  Maxii 


rodirans  the  present  existing  family  agrees  /*«^.  Premaxiiia. 
with  the  Amphichelydian  Pleurostemida 
in  the  presence  of  mesoplastral  bones,  but  is  distinguished  in 
that  both  the  pubis  and  ischium  have  a  sutural  union  with  the 
xiphiplastral.  The  shields  of  the  plastron,  as  in  the  next  family, 
are  in  contact  with  the  marginals,  owing  to  the  absence  of  infra- 
maiginals.  The  skulls  of  existing  types  have  an  infratemporal 
arcade,  and  in  Podocnemis^  alone  among  existing  representatives 
of  the  section,  the  temporal  fossae  are  roofed  over ;  moreover,  the 
prefrontals  are  in  contact  in  the  middle  line  and  are  fused  with 
the  nasals;  the  palatines,  owing  to  the  absence  or  abortion  of 
the  vomer,  meet ;  and  the  suture  between  the  dentary  bones  of 
the  mandible  is  obliterated.  The  second  cervical  vertebra  is 
amphiccelous ;  and  the  neck  is  completely  retractile  within  the 
shell  Further,  the  series  of  neural  bones,  as  in  the  next  family,  is 
incomplete  and  is  not  connected  with  the  suprapygals.  Finally,  in 
both  this  and  the  next  family  the  characters  of  the  tympanic  and 
palatal  regions  of  the  skull  are  those  mentioned  at  the  commence- 
ment of  the  description  of  the  Pleurodira.  The  earliest  known 
representatives  of  this  family  occur  in  the  Upper  Cretaceous  of  the 
United  States,  where  we  meet  with  forms  apparently  closely  allied 
to  the  existing  Podocnemis,  The  genus  Bothremys  has  been  described 
upon  the  evidence  of  a  skull  from  those  deposits ;  while  the  name 
Taphrosphys  has  been  applied  to  portions  of  the  carapace  and 
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plastron  which  not  improbably  belong  to  the  same  form.  Botknmys 
differs  from  FodocnenUs  by  the  presence  of  a  distinct  vomer.  It  is 
not  improbable  that  allied  forms  occur  in  the  Cretaceous  of  New 
Zealand.  The  only  existing  genus  which  appears  to  be  represented  in 
a  fossil  state  is  the  above-mentioned  Podocnemis^  of  South  America 
and  Madagascar,  which  occurs  in  the  London  Clay  and  the  Eocene 
of  Northern  India.  This  genus  includes  the  largest  existing  repre- 
sentative of  the  section.  The  carapace  has  seven  neural  bones, 
and  the  mesoplastrals  are  small,  and  do  not  meet  in  the  middle 
line.  The  shell  of  a  large  Chelonian  from  the  London  Clay,  which 
has  been  referred  to  this  genus  under  the  name  of  P,  Delabtchei^ 
may  not  improbably  belong  to  the  genus  Dacochelys.  The  latter  is 
founded  on  a  mandibular  symphysis  from  the  same  deposits  which 
is  characterised  by  a  large  spine-like  process  on  its  oral  surface, 
and  the  serrated  margins  of  the  alveolar  borders.  Its  serial  position 
depends  on  whether  it  is  specifically  identical  with  the  above- 
mentioned  shell. 

Family  CHELViDiE.* — In  this  family  the  shell  is  much  thinner 
than  in  Plesiochelys^  and  is  characterised  by  the  absence  of  the 
mesoplastrals,  and  the  reduced  number  of  neural  and  suprapygal 
bones ;  while  both  the  pubis  and  ischium  unite  with  the  plastron. 
The  skull  has  an  incomplete  inferior  temporal  arcade,  owing  to  the 
absence  of  the  quadratojugal ;  and  is  further  distinguished  by  the 
separation  of  the  prefrontals  by  the  frontals;  the  distinct  nasals 
(except  in  Chefys)\  by  the  vomer  dividing  the  palatines;  and  by 
the  persistence  of  the  suture  in  the  mandibular  symphysis.  The 
temporal  fossae  are  open,  but  there  is  an  arch  connecting  the  parietal 
with  the  squamosal,  not  found  in  the  Pelomedusida^  and  which  is 
probably  a  remnant  of  the  earlier  type  of  roof.  The  fifth  and  eighth 
cervical  vertebrae  are  biconvex.  The  neck  cannot  be  fully  retracted 
within  the  carapace.  As  typical  genera  we  may  notice  the  South 
American  Chefys^  Hydraspis^  and  Flaiemys\  and  the  Australian 
Chelodina^  Emydura^  and  Eiseya^  in  which  neural  bones  are  absent 
Remains  of  Chelodina  and  Emydura  occur  in  the  Pleistocene  of 
Australia ;  while  Hydraspis  is  found  in  a  fossil  state  in  the  Lower 
Eocene  of  India,  and  Platemys  has  been  recorded  from  the  Creta- 
ceous of  North  America. 

Family  MiOLANiiDiE. — ^This  is  an  extinct  family  represented  only 
by  the  remarkable  Miolania^  from  the  Pleistocene  of  Australia,  of 
which  the  remains  were  originally  referred  to  the  large  Varanus  of 
the  same  deposits.  This  family,  according  to  Mr  Boulenger,  occupies 
a  position  in  the  present  section  somewhat  analogous  to  that  filled 
by  the   Chelydrida  among  the  Cryptodira;   the   caudal  vertebrae 

^  Frequently  incorrectly  given  as  Chelydida, 
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being  opisthocoelous  and  the  temporal  fossae  of  the  cranium  roofed 
over  by  bone.  The  cranium  (fig.  1015)  is  remarkable  for  carrying 
several  pairs  of  horn-like  processes  (on  which  account  the  name 
Ceratochelys  has  been  proposed);  and  the  tail  was  protected  by  a 
nodose  bony  sheath  (fig.  1014),  somewhat  resembling  that  of  the 
Glyptodont  Edentates.  The  species  of  which  the  skull  is  shown  in 
the  woodcut  must  have  attained  huge  dimensions.  The  carapace 
and  plastron  are  known  only  by  fragments.     From  the  structure  of 


Fig.  lox^—MioioMta  Oweni.  a,  Anterior  view  of  cranium;  b,  Right  lateral  aspect  of  the 
extremity  of  the  caudal  sheath ;  from  the  Pleistocene  of  Australia.  Much  reduced.  (After 
Owen.) 

the  jaws  it  is  inferred  that  Miolania  was  herbivorous;  while  the 
form  of  the  terminal  phalangeals  and  the  solid  caudal  sheath  are 
indicative  of  terrestrial  habits.  The  bones  of  the  pelvis  are  fused 
into  an  innominate  bone,  and  some  of  the  cervical  vertebrae  had  two 
transverse  processes. 

It  should  be  observed  that  Dr  Baur  dissents  from  the  view  that  this 
genus  is  a  Pleurodiran,  and  would  refer  it  to  the  Cryptodiran  family  Tes- 
tudinida;  but  there  appear  to  be  several  misconceptions  in  the  argu- 
ments adduced  in  support  of  this  view.  Sir  R.  Owen  does  not,  indeed, 
recognise  the  Chelonian  nature  of  Miolania^  and  regards  it  as  constitut- 
ing a  distinct  group,  under  the  name  of  Ceratosauria ;  but  this  view  is 
ahogether  at  variance  with  the  facts,  and  there  can  be  no  question  but 
that  the  genus  is  a  true  Chelonian. 

Family  CARExrocHELYiDiE. — The  last  family  of  the  Pleurodira 
is  characterised  by  the  absence  of  horny  shields,  and  is  typically 
represented  by  Carettochelys  of  New  Guinea,  in  which  the  neural 
bones  are  very  small  and  do  not  touch  one  another,  and  the  limbs 
are  paddle-shaped.  In  the  Lower  Eocene  of  Northern  India  we 
find  the  extinct  genus  Hemicfulys^  which  differs  from  Carettochelys 
in  having  seven  large  neural  bones  in  contact  with  one  another ;  the 
nature  of  the  limbs  being  unknown. 

Section  3.  Cryptodira. — In  this  section  the  ossification  of  the 
carapace  and  plastron  may  be  either  imperfect  or  complete,  and  the 
two  may  or  may  not  be  connected  at  their  edges ;  there  is  no  bony 
attachment  of  the  pelvis  to  the  plastron ;  and  as  a  general  rule,  the 
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full  complement  of  suprapygal  and  neural  bones  is  present,  although 
there  are  numerous  exceptions.  Excluding  the  Amphichelydian 
forms,  no  known  Cryptodiran  has  a  mesoplastral  bone,  while  in 
the  majority  of  cases,  especially  among  existing  types,  the  plas- 
tron has  no  intergular  shield 
(fig.  1016),  The  entoplastral, 
when  present,  is  either  ovoid, 
rhomboidal  (fig.  10 16),  or 
"f"-shaped  (fig.  1009),  and  the 
epiplastral  joins  the  hyoplas- 
tral.  In  the  skull  (fig.  1007) 
the  outer  border  of  the  tym- 
panic cavity  is  always  deeply 
notched  posteriorly ;  the  quad- 
rate articulates  with  a  con- 
cavity in  the  mandible;  and 
the  pterygoids  are  compara- 
tively narrow  and  laterally 
emarginate.  There  are  never 
more  than  three  phalangeals 
in  the  digits.  The  sacral  and 
caudal  ribs  (as  in  the  Pleuro- 
dira)  articulate  partly  with  the 
centra  and  partly  with  the 
arches  of  the  vertebrae ;  while 
the  cervical  vertebrae  have 
very  imperfectly  developed 
transverse  processes.  No  ex- 
isting Cryptodiran  has  distinct  nasals,  and  at  present  there  is  tio 
decisive  evidence  of  the  presence  of  these  bones  in  any  fossil  form. 
The  Cryptodira  are  further  characterised  by  their  power  of  retract- 
ing the  head  by  a  sigmoid  curvature  of  the  neck  in  a  vertical  plane 
directly  within  the  carapace.  This  large  section  comprises  the  great 
majority  of  the  existing  Testudinata,  and  at  the  present  day  is 
mainly  characteristic  of  the  Northern  Hemisphere,  being  totally 
absent  from  Australia.  The  habits  of  existing  Cryptodires  may 
be  carnivorous  or  herbivorous,  and  either  terrestrial,  fluviatile,  or 
marine. 

Family  AciCHELYiDiE. — Under  this  name  may  be  grouped  a 
number  of  generalised  Cryptodirans  often  spoken  of  as  the  Thaias- 
semydesy  and  in  some  cases  as  the  EurystemidcB,  They  occur  typi- 
cally in  the  Lower  Kimeridgian  Lithographic  Limestones  of  the  Con- 
tinent, and  are  abundant  in  the  Kimeridge  Clay,  while  they  survived 
till  the  period  of  the  Lower  Greensand.  They  were  probably 
mainly  of  marine  habits,  since  they  appear  to  be  very  rare  in  the 


Fig.  ioi6.-~ Plastron  of  Kacfuiga  tectum  ;  from 
India.  One-half  natxiral  size.  ^,  Gular  shield ; 
hum.  Humeral  do. ;  pec^  Pectorau  do. ;  oA^  Abdo- 
minal do. ;  /em,  Femoral  do. ;  an.  Anal  do. ;  e.p, 
Epiplastral  bone ;  ent.p,  Entoplastral  do. ;  hy.p, 
H^I>lastral  do. ;  A./^,  Hypoplastral  do. ;  x.p, 
Xiphiplastral  do. 
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freshwater  Purbeck  and  Wealden  beds.  They  are  characterised  by 
the  more  or  less  heart-shaped  carapace,  of  which  the  costals  are 
often  imperfectly  ossified,  and  do  not  unite  completely  with  the 
marginals.  The  plastron  has,  moreover,  a  vacuity  in  the  centre, 
which  persists  for  a  long  period  or  throughout  life,  but  it  had  large 
axillary  and  inguinal  buttresses  for  connection  with  the  carapace. 
The  humerus  has  a  very  imperfectly  developed  head  and  a  slightly 
curved  shaft ;  and  the  limbs  were  not  modified  into  paddles.  The 
nuchal  bone  of  the  carapace  has  no  costiform  processes ;  and  the 
temporal  fossae  of  the  skull  were  more  or  less  completely  roofed 
over  by  bone. 

In  their  cordiform,  and  frequently  imperfectly  ossified  carapace, 
the  Acichelyida  agree  with  the  modern  Cfulonida ;  and  since  the 
peculiar  form  of  the  neurals  of  Tropidemys  is  another  feature  only 
met  with  elsewhere  in  the  latter  family,  there  are  strong  grounds  for 
regarding  the  one  family  as  the  direct  ancestor  of  the  other.  This 
family  also  exhibits  certain  signs  of  affinity  with  the  Pleurodiran 
Plesiochefyida  ;  while  the  simplicity  of  the  humerus  is  a  very  general- 
ised character. 

The  genus  Thalassemys^  which  includes  some  very  large  forms,  is 
characterised  by  its  long  and  flat  neural  bones,  in  which  the  anterior 
lateral  surfaces  are  much  shorter  than  the  posterior  ones ;  while  the 
vertebral  shields  are  narrow.  The  carapace  is  well  ossified,  and  of 
considerable  thickness.  The  type  species  occurs  both  in  the  Litho- 
graphic Limestone  and  the  Kimeridge  Clay  of  England  ;  the  unde- 
scribed  Chelonian  from  the  latter  deposit  at  Ely,  to  which  the  name 
Enaiiochelys  has  been  applied,  being  apparently  identical.  As  al- 
ready mentioned,  the  Portlandian  Stegochelys  may  likewise  be  the 
same ;  and  the  genus  is  represented  in  the  Dorsetshire  Purbeck.  In 
the  typical  genus  Acichelys  {Eurystemum}  Achelonia^  Palaomedusa^ 
or  Aplax)  the  neural  bones  of  the  carapace  are  flat,  with  short  and 
often  indistiiict  antero-lateral  surfaces,  and  the  costals  are  well  ossi- 
fied, the  vertebral  shields  of  the  carapace  being  comparatively  wide. 
This  genus  seems  to  be  confined  to  the  Lithographic  Limestone. 

In  PelabatochefySy  of  the  Kimeridge  Clay,  we  have  a  large  form 
with  a  very  imperfectly  ossified  carapace,  in  which  the  costals  are 
extremely  thin,  and  the  neural  bones  are  long  and  six-sided.  The 
antero-lateral  surfaces  of  the  neurals  are  much  shorter  than  the 
postero-lateral,  and  in  the  fifth  neural  the  latter  surfaces  are  deeply 
excavated.  The  neurals,  especially  in  the  hindes  part  of  the  cara- 
pace, are  strongly  ridged,  having  the  form  of  the  ridge-tiles  of  a 
roof;  and  the  hinder  part  of  the  whole  carapace  is  itself  roof-like. 
The  vertebral  epidermal  shields  were  very  wide,  and  the  borders  of 

^  This  name  is  the  earliest,  but  is  preoccupied. 
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the  areas  which  they  overlie  on  the  carapace  are  conspicuously 
fluted.  The  last  genus,  Tropidemys^  while  having  the  roof -like 
posterior  neurals  of  Felobatochelys^  is  distinguished  by  the  almost 
regularly  hexagonal  form  of  these  bones,  owing  to  the  lengthening 
of  the  anterior  and  the  shortening  of  the  posterior  lateral  surfaces. 
One  species  from  Hanover  referred  to  this  genus  shows  the  unique 
feature  of  a  median  row  of  numerous  small  intervertebral  shields 
dividing  the  normal  vertebrals  into  two  lateral  series.  This  genus 
occurs  in  the  Lithographic  Limestone,  in  the  English  Kimeridge 
Clay,  and  the  Lower  Greensand  of  Switzerland  (71  valanginiensis). 
The  detached  neurals  are  readily  distinguished  not  only  by  their 
shape,  but  by  their  excessive  thickness. 

Family  CHELVDRiDiE. — ^This  family  is  confined  at  the  present 
day  to  North,  and  part  of  South  America,  where  it  is  represented 
by  the  Alligator-terrapins  (CA^/K^ra),  and  the  larger  Snapper  {Mturth 
ciemmys).  The  skull  is  more  or  less  triangular,  and  very  broad 
behind ;  the  temporal  fossa  is  partially  roofed  over,  but  the  squa- 
mosal is  widely  separated  from  the  parietal ;  the  bones  of  the  palate 
do  not  develop  plates  to  floor  the  narial  passage ;  and  the  tympanic 
ring  of  existing  forms,  like  that  of  the  Testudinida^  is  in  great  part 
closed  behind.  The  nuchal  bone  of  the  carapace  develops  a  long 
rib-like  (costiform)  process  on  either  side,  which  underlies  the  mar- 
ginals ;  and  the  complete  union  of  the  marginals  with  the  costals 
does  not  take  place  for  a  long  period ;  while  in  the  plastron 
vacuities  frequently  persist  till  late  in  life,  and  the  plastron  itself 
may  be  relatively  small,  and  unites  with  the  carapace  by  gomphosis, 
the  hyo-  and  hypoplastrals  not  giving  off*  buttresses  to  underlie  the 
carapace.  In  existing  forms  the  caudal  vertebrae  are  opisthocoelous ; 
and  there  is  no  bony  union  between  the  ischium  and  pubis  of  the 
same  side  to  enclose  an  obturator  foramen.  The  head  cannot  be 
completely  retracted  within  the  shell.  The  humerus  is  not  flattened, 
and  has  its  radial  and  ulnar  processes  large,  and  directed  towards 
the  ventral  aspect. 

If  all  the  genera  provisionally  included  in  this  family  are  rightly 
referred,  it  will  be  the  oldest  representative  of  the  order  which  still 
exists.  The  genera  may  be  divided  into  three  subfamilies,  accord- 
ing to  the  presence  or  absence  of  sculpture  or  epidermal  shields  on 
the  shell.  It  is,  however,  by  no  means  certain  that  all  these  forms 
should  be  included  in  this  family ;  but  until  we  know  the  skull  and 
caudal  vertebrae  of  all  the  genera  it  is  impossible  to  decide  this 
point,  and  it  may  eventually  prove  that  there  is  a  more  or  less  com- 
plete passage  to  the  Dermatemydida  from  this  family,  since  there 
already  are  some  indications  of  a  connection  between  them.  Thus 
the  American  Cretaceous  genus  Toxochelys  is  stated  by  Dr  Baur  to 
be  a  true  Chelydroid,  but  to  have  the  procoelous  caudal  vertebrae 
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of  DermatemySy  and  also  to  have  an  open  tympanic  ring.  The 
Anostirina  are  typically  represented  by  AnostirUy  of  the  Upper 
Eocene  of  North  America  and  England,  and  we  may  probably 
include  in  the  same  group  Pseudotrionyx  (Apholidemys\  of  the 
Middle  and  Lower  Eocene  of  Europe.  In  these  forms  the  shell 
has  a  vermiculated  sculpture,  but  epidermal  shields  appear  to  be 
absent,  although  Dr  Baur  states  there  are  traces  of  them  in  the 
typical  genus ;  the  plastron  is  well  developed ;  and  the  neural  bones 
are  reduced  to  seven,  as  in  Dermatemys,  AnosHra^  which,  on  ac- 
count of  the  presence  of  only  ten  marginal  bones,  Dr  Baur  places 
in  the  Dermatemydida  {Staurotypidci)^  differs  from  Pseudotrionyx 
by  the  sculpturing  of  the  neural  bones.  The  skull  of  Pseudotrionyx^ 
originally  referred  by  Sir  R.  Owen  to  Platemys^  agrees  essentially 
with  that  of  MacroclemmySy  although  the  orbits  are  less  lateral.  The 
second  subfamily,  Tretostemince^  is  represented  by  Tretostemuniy 
of  the  English  Wealden  and  Purbeck,  with  which  Peitochelys,  of  the 
VVealden  of  Belgium,  is  identical.  Possibly  the  imperfectly  known 
North  American  Cretaceous  genus  Compsemys  may  prove  to  be  a 
closely  allied,  if  not  identical,  type.  The  shell  is  studded  with 
granular  tubercles,  and  has  epidermal  shields ;  while  the  plastron  is 
laiger  than  in  the  Chelydrina^  and  has  an  intergular  shield.  This 
is,  however,  accompanied  by  only  five  paired  plastral  shields,  as  in 
Dermatemys^  instead  of  the  six  found  in  Pleurosternum  (fig.  1012). 
The  nuchal  bone  is  deeply  emarginate. 

Finally,  in  the  typical  subfamily  Chelydrina  the  shell  is  not 
sculptured,  and  has  epidermal  shields;  the  plastron  is  relatively 
small,  and  generally  has  a  median  vacuity ;  while  there  is  the  full 
number  of  eight  neural  bones,  of  which  the  last  articulates  with  a 
sufM^pygal,  and  thus  prevents  any  of  the  costals  from  meeting  in 
the  middle  line.  The  type  genus  Chelydra  is  represented  in  the 
Puerco  or  Lowest  Eocene  of  the  United  States,  and  also  occurs  in 
the  Upper  Miocene  of  Switzerland,  the  Middle  Miocene  of  Styria 
(where  it  has  been  described  as  Chelydropsis\  and  the  Lower 
Miocene  of  Rott,  near  Bonn.  No  fossil  forms  have  hitherto  been 
referred  to  Macroclemmys^  which  is  distinguished  from  Chelydra  by 
the  more  deeply  emarginate  nuchal,  and  the  lateral  orbits  of  the 
skull,  which  is  very  large  in  proportion  to  the  shell  and  limb-bones. 

Family  CiNOSTERNiDiE. — ^With  the  American  genus  Cinosternum 
we  come  to  a  family  readily  distinguished  by  the  total  absence  of 
the  entoplastral  element  of  the  plastron.  In  the  existing  genus  the 
skull  has  open  temporal  fossae,  the  nuchal  has  a  costiform  process 
like  that  of  the  Cheiydrida,  the  pelvis  is  of  a  Testudinate  type,  and 
the  caudal  vertebrae  are  proccelous.  The  absence  of  the  entoplastral 
also  occurs  in  the  Swiss  Eocene  genus  Dithyrostemum^  which  has 
accordingly  been  placed  in  the  same  family.    It  is  distinguished  from 
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Cinostemum  by  the  presence  of  eight  neural  bones,  and  the  long 
bridge  connecting  the  carapace  with  the  plastron. 

Family  DERMATEMYDiDiE. — The  genus  Dermatemys,  of  Central 
America,  is  taken  as  the  type  of  a  family  which  includes  Stauro- 
typus  of  the  same  region,  and  in  some  respects  connects  the 
CifiostemidcB  with  the  Chelydrida,  The  nuchal  bone  has  a  costi- 
form  process,  as  in  both  those  families ;  the  temporal  fossse  of  the 
skull  are  not  roofed  over ;  the  caudal  vertebrae  are  procoelous ;  and 
in  the  pelvis  the  pubis  and  ischium  of  the  same  side  do  not  unite 
to  enclose  an  obturator  foramen.  The  shell  is  well  ossified,  but  in 
the  type  genus  the  union  between  the  costals  and  marginals  does 
not  take  place  till  a  late  period.  Baptemys^  of  the  Upper  Eocene 
of  North  America,  which  has  been  included  by  Professor  Cope  in 
Dermatemys^  is  distinguished  from  the  latter  by  having  the  full 
number  of  neural  and  suprapygal  bones,  so  that  none  of  the  costals 
meet  in  the  middle  line.  Here  may  be  mentioned  several  allied 
North  American  forms,  most  of  which  are  referred  by  Professor 
Cope  to  a  distinct  family — the  Adocida — mainly  on  account  of  the 
circumstance  that  the  ribs  do  not  develop  heads  to  articulate  with 
the  vertebrae ;  but  since  the  same  feature  occurs  in  Testudo 
among  the  Testudinida^  it  cannot  be  regarded  as  of  family  value. 
In  HomorophuSy  of  the  American  Cretaceous,  there  is  no  inter- 
gular  shield,  and  the  vertebral  shields  are  very  narrow.  In  Adocus^ 
of  the  Upper  Cretaceous,  and  Agompkus  (with  which  Dr  Baiu-  states 
AmpfUemys  is  identical),  of  the  Eocene,  intergular  shields  were 
present.  The  former  has  traces  of  sculpture  on  the  shell ;  while  in 
the  latter  the  epidermal  shields  are  very  thin,  and  the  surface  of  the 
shell  is  marked  with  a  faint  vermiculate  sculpture.  We  are  thus  led 
on  to  the  European  Trachyaspis^  which  is  probably  an  allied  form, 
and  with  which  one  or  other  of  the  American  types  may  perhaps 
prove  to  be  identical.  This  genus,  which  has  elongated  vertebral 
shields  recalling  those  of  Dermatemys  and  Baptemys^  occurs  tjrpically 
in  the  European  Tertiary,  and  has  also  been  recorded  from  the 
Lower  Greensand  of  Switzerland,  although  the  latter  form  has  been 
referred  by  Professor  Riitimeyer  to  Flesiochelys,  A  nearly  entire 
carapace  has  also  been  obtained  from  the  Tertiary  of  Egypt  The 
surface  of  the  shell  is  covered  with  a  distinct  vermiculated  sculpture 
like  that  of  Trionyx^  but  thin  epidermal  shields  were  present 

Family  PLATYSXERNiDiE. — The  existing  Burmese  genus  Plaiy- 
sternum  is  represented  by  a  very  small  Chelonian  forming  the  only 
member  of  a  family  which  connects  the  Chelydrida  with  the  Testu- 
dinida.  Thus  the  temporal  fossae  of  the  skull  are  roofed  over,  the 
pelvis  is  of  a  Chelydroid  type,  and  the  caudal  vertebrae  are  mostly 
opisthoccelous ;  but  the  nuchal  agrees  with  that  of  the  Testudinida 
in  having  no  costiform  process. 
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Family  TEsruDiNiDiC — Following  Mr  Boulenger's  arrangement, 
this  extensive  family  is  taken  to  include  the  Cistudinida  and  most 
of  the  Emydida  of  other  writers,  and  may  be  briefly  characterised 
as  follows :  The  limbs  terminate  in  free  digits ;  epidermal  horny 
shields  are  always  present,  but  there  is  no  intergular  shield ;  the 
carapace  is  ovoid  and  fully  ossified ;  the  plastron  in  the  adult  is 
connected  with  the  carapace  either  by  suture  or  a  straight  articula- 
tion, and  is  always  fully  ossified.  There  is  no  costiform  process  to 
the  nuchal  bone ;  the  temporal  fossae  of  the  skull  are  not  roofed 
over  by  bone ;  the  caudal  vertebrae  are  proccelous ;  and  the  pubis 
and  ischium  of  either  side  unite  to  enclose  an  obturator  foramen. 
The  humerus  has  a  well-developed  head,  and  its  shaft  is  more  or 
less  curved.  The  skull  is  of  nearly  equal  width  throughout  its  post- 
orbital  portion.  The  Terrapins  and  Tortoises,  as  the  existing  mem- 
bers of  this  family  are  commonly  termed,  exhibit  great  variety  of 
habits,  some  being  aquatic  and  others  terrestrial ;  while  some,  again, 
are  carnivorous  and  others  herbivorous.  Some  of  the  terrestrial 
forms  have  the  normal  two  epidermal  caudal  shields  of  the  carapace 
fused  together  into  a  single  large  shield. 

We  may  commence  our  brief  survey  of  this  large  family  with  the 
Oriental  group  of  Batagurs,  represented  by  Batagur^  Kachuga^  Har- 
deila,  and  allied  types.  These  include  freshwater  Terrapins,  fre- 
quently of  large  size,  characterised  by  the  great  development  of  the 
axillary  and  inguinal  buttresses  of  the  plastron,  which  divide  the 
sides  of  the  carapace  into  chambers,  and  also  by  the  presence  of 
one  or  more  strong  ridges  on  the  oral  surface  of  the  palate,  running 
parallel  to  its  alveolar  borders.  On  the  plastron  (fig.  10 16)  the 
sulcus  between  the  humeral  and  pectoral  shields  is  below  the  ento- 
plastraL  Kachuga  (including  Pangshurd)  has  the  fourth  vertebral 
shield  elongated,  and  overlying  parts  of  four  or  five  neural  bones ; 
the  anterior  neurals  being  elongated  and  hexagonaf,  with  the  short 
side  anterior.  The  typical  K,  lineata^  in  which  the  fourth  vertebral 
shield  is  broad  anteriorly,  is  represented  in  the  Pliocene  Siwaliks  of 
India,  which  also  yield  the  existing  K,  dhongoka.  In  a  second 
group  (Pangshura\  in  which  the  fourth  vertebral  shield  is  narrowed 
to  a  point  at  its  junction  with  the  third,  we  have  the  existing  K. 
tectum  (fig.  10 16)  in  the  Pleistocene  and  Pliocene  of  India.  Har- 
deila  (fig.  10 1 7)  is  characterised  by  the  shortness  of  the  fourth 
vertebral  shield,  which  usually  extends  over  three  neural  bones 
(four  in  the  figiu'e),  and  by  the  third  vertebral  shield  overlying 
parts  of  three  (in  place  of  two)  neurals.  It  is  represented  in  the 
Siwaliks  by  the  existing  H.  Thurgi  (fig.  1017).  With  the  exist- 
ing American  genus  Chrysemys  we  come  to  forms  in  which  the 
axillary  and  inguinal  buttresses  are  much  less  developed  than  in 
the  Batagurs,  and  the  neural  bones  are  shorter  than  in  Hardella. 
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In  Chrysemys  itself  the  sulcus  between  the  humeral  and  pectoral 
shields  of  the  plastron  is  situated  entirely  on  the  hyoplastral,  as  in 
fig.  1016;  and  from  the  presence  of  this  feature,  it  is  probable 
that  the  soK^alled  Emys  testudiniformis  and  E.  bicarinata^  of  the 

London  Clay,  should  be  re- 
ferred to  this  genus.  In  the 
existing  genus  Ocadia^  from 
China,  and  also  in  the  Palae- 
arctic  and  North  American 
CiemmySy  the  humeropectoral 
sulcus  is  placed  somewhat 
more  anteriorly,  and  conse- 
quently cuts  the  entoplastral 
bone.  A  similar  feature  is 
frequently  found  in  the  so- 
called  Emys  crassa  (kordwel- 
liensis\  of  the  Upper  Eocene 
of  Hampshire;  and  it  ap- 
pears that  this  form  should 
be  referred  to  the  genus 
PakBOchelys^  of  the  German 
Miocene,  from  which  Ocadia 
is  probably  not  separable. 
Emys  wyomingensisy  of  the 
Upper  Eocene  of  North 
America,  appears  to  be  re- 
ferable to  the  same  genus. 
Ocadia^  it  may  be  observed, 
agrees  with  the  herbivorous 
Batagurs  in  the  presence  of  ridges  on  the  palate ;  but  these  ridges 
are  absent  in  Clemmys  and  the  undermentioned  forms,  which  are 
purely  carnivorous. 

These  forms  may  be  divided  into  two  groups,  according  as  to 
whether  the  plastron  is  united  to  the  carapace  by  suture,  or  simply 
by  ligament  In  the  former  series  Clemmys  is  represented  in  the 
Pliocene  of  Algeria  by  a  species  closely  allied  to  the  existing  C 
leprosa  of  that  region.  The  characteristic  Oriental  genera  Damonia 
and  Beiita  are  represented  in  the  Pliocene  Siwaliks  of  India ;  the 
fossil  Damonia  being  apparently  inseparable  from  the  living  Z>. 
Hamiltoni,  In  the  second  series,  where  there  is  a  more  or  less 
complete  transverse  hinge  in  the  plastron  at  the  junction  of  the 
hyo-  and  hypoplastrals,  and  the  buttresses  of  the  carapace  may  be 
wanting,  we  find  remains  of  the  existing  Emys  orbicularis  {E.  lu- 
traria  or  Lutremys\  commonly  known  as  the  European  Pond-tor- 
toise, in  the  Pleistocene  of  England  and  the  Continent     Cistudo^ 


Fig.  xoi 7. —Carapace  of  Hardella  Tkurgi;  India. 
«»,  Nuchal  bone ;  «i-m8,  Neural  do. ;  fpy^  Supra- 
pygal  do. ;  /^,  Pygal  da ;  <:i-c8,  Costal  do. ; 
iwi-mii,  Marginal  do.    Reduced. 
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which  is  almost  exclusively  terrestrial,  has  been  recorded  from  the 
Continental  Miocene.  The  Indian  genus  Nicoria^  which  is  repre- 
sented by  the  existing  N.  (Chaibassid)  tricarinata  in  the  Siwaliks,  is 
distinguished  from  all  the  preceding  forms  in  that  the  neural  bones 
have  their  short  side  placed  posteriorly.  The  extinct  Ptychogaster,  of 
the  Lower  Miocene  (Upper  Oligocene)  of  France,  is  characterised  by 
the  ligamentous  junction  of  the  hypoplastral  with  the  carapace,  and 
by  the  presence  of  a  hinge  between  the  hypo-  and  hyoplastrals,  and 
also  by  the  contour  of  the  neural  and  costal  bones,  which  approxi- 
niate  to  those  of  the  true  Tortoises ;  from  which  we  may  assume 
that  this  form  was  mainly  of  terrestrial  habits.  In  both  genera  the 
humero-pectoral  sulcus  cuts  the  entoplastral  bone. 

In  the  land  Tortoises,  forming  the  last  group  of  the  family,  the 
neural  bones  are  generally  very  short  and  wide,  and  may  be  either 
hexagonal,  or  alternately  tetragonal  and  octagonal ;  while  the  costal 
bones  are  generally  alternately  short  and  long  at  their  inner  and 
outer  extremities ;  the  suture  between  the  marginal  and  costal  bones 
usually  coincides  with  the  sulcus  dividing  the  corresponding  shields, 
and  the  caudal  shield  is  generally  undivided.  In  most  cases  the 
sulcus  between  the  humeral  and  pectoral  shields  is  behind  the  ento- 
plastral bone.  The  digits  differ  from  those  of  most  of  the  preceding 
genera  by  being  adapted  solely  for  walking,  and  devoid  of  webs ; 
while  the  metacarpals  are  shorter,  and  the  humerus  is  very  much 
curved,  with  its  radial  and  ulnar  processes  approximated.  The  least 
specialised  existing  forms  are  Cynixis  and  Pyxis^  which  have  neural 
bones  like  those  of  Homopus^  but  costals  of  the  ordinary  Emydine 
type ;  they  appear  to  be  unknown  as  fossils.  HadrianuSy  of  the 
Upper  (Bridger)  Eocene  of  the  United  States,  includes  generalised 
Tortoises  of  large  size,  in  which  the  neural  bones  are  elongated  and 
hexagonal,  with  the  shorter  lateral  surfaces  posterior ;  the  costals  do 
not  alternate  in  length ;  the  vertebral  shields  are  narrow ;  and  the 
caudal  shield  is  divided.  The  genus  Homopus^  which  now  includes 
a  few  species  of  small  size  confined  to  Africa,  has  no  ridge  on  the 
palate,  and  the  neural  bones  are  short  and  hexagonal,  with  short 
postero-lateral  surfaces,  and  the  caudal  shield  is  single.  It  is  repre- 
sented in  the  Upper  Miocene  of  Switzerland  by  the  so-called  Etnys 
scutella^  and  in  the  London  Clay  by  E,  Comptonu  In  Stylemys,  from 
the  White  River  Miocene  of  the  United  States,  the  short  neural  bones 
have  their  shorter  lateral  surface  placed  anteriorly,  the  posterior  costals 
do  not  alternate  in  length  at  their  extremities,  and  there  is  a  single 
caudal  shield.  All  the  remaining  forms  may  be  included  in  Testudo^ 
in  which  the  palate  has  one  or  two  ridges ;  the  neural  bones  usually 
consist  of  an  alternation  of  small  tetragonal  and  larger  octagonal 
ones;  while  the  anterior  extremity  of  the  epiplastrals  is  more  or 
less  thickened    In  the  skull  the  pterygoids  are  wide,  and  depressed 
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in  the  middle  (fig.  loi  j  dis).  Usually  the  caudal  shield  is  single, 
but  it  may  be  divided.  The  ribs  have  no  heads  for  articulation  with 
the  vertebrae.  The  forms  described  as  Manurta  and  Colossochelys 
may  be  included  in  this  genus,  which  comprises  a  large  number  of 
species.  Exclusive  of  the  Jurassic  so-called  T.  Stricklandiy  which 
has  been  already  mentioned  under  the  head  of  Protochelys^  the 
earliest  occurrence  of  the  genus  appears  to  be  in  the  Upper  Eocene 
Phosphorites  of  France ;  it  is,  however,  not  certain  that  the  form 
from  these  deposits  may  not  be  referable  to  one  of  the  American 
genera.  A  marginal  in  the  British  Museum  indicates  an  individual 
about  30  inches  in  length.  7!  gigas^  of  the  Miocene  of  Haute- 
Loire,  is  a  still  larger  form ;  and  species  of  large  dimensions  also 
occur  in  the  Lower  Miocene  of  Allier  and  the  Middle  Miocene  of 
Gers,  as  well  as  in  the  Pliocene  of  France  and  Greece. 

The  huge  T,  (Colossochelys)  atlas,  of  the  Pliocene  Siwaliks  of  India, 
was  one  of  the  earliest  of  the  large  extinct  forms  brought  to  the  notice 
of  science,  although  its  size  has  been  greatly  exaggerated.  It  appears, 
indeed,  that  the  length  of  the  carapace  was  about  six  feet,  or  one-third 
greater  than  in  71  elephantina,  of  the  Galapagos  Islands.  This  species 
is  remarkable  for  the  great  development  of  the  epiplastral  bones,  which 
formed  a  pair  of  horn-like  processes ;  and  is  also  noteworthy  for  the 
anchylosis  of  the  three  bones  of  the  pelvis  into  an  innominate  bone.  The 
skull,  which  probably  belongs  to  this  species,  resembles  in  structure  the 
skulls  of  the  recent  giant  tortoises  of  Aldabra.  The  carapace  had  no 
nuchal  shield,  the  caudal  shield  was  divided,  and  the  limbs  were 
covered  with  bony  ossicles,  as  in  the  existing  T,  emys  of  India,  to  which 
this  form  was  probably  allied.  The  large  7.  perpiniana,  of  the  Pliocene 
of  France,  in  which  the  depressed  carapace  measures  nearly  four  feet  in 
length,  and  the  limbs  were  likewise  covered  with  dermal  ossicles,  was 
probably  also  nearly  allied.  An  unnamed  species,  from  the  Pliocene  of 
the  Siwalik  Hills,  has  a  skull  resembling  that  of  the  Galapagos  tortoises 
(fi^.  loiydls) ;  which  are  characterised  by  the  backward  extension  of  the 
opisthotics.  We  also  find  in  the  Siwaliks  7.  Cautleyi  characterised  by 
its  small  epiplastrals  ;  and  7.  punjabiensis,  which  appears  to  have  been 
a  form  allied  to  the  smaller  existing  Indian  7.  emys.  Remains  of  giant 
tortoises  also  occur  in  the  Pleistocene  cave-deposits  of  Malta. 

Finally,  we  must  not  omit  to  briefly  mention  the  giant  tortoises  of  the 
present  epoch,  which,  it  appears,  have  been  driven  from  the  continental 
areas  by  the  competition  of  the  higher  types  of  life  to  seek  refuge  in 
islands,  where  they  attained  an  extraordinary  numerical  development,  till 
their  haunts  were  invaded  by  man.  These  tortoises  formerly  existed  in 
great  numbers  in  the  islands  of  the  Aldabra  group,  lying  to  the  north-west 
of  Madagascar ;  in  the  Mascarenes,  which  comprise  Mauritius  and  Rodri- 
guez ;  and  also  in  the  Galapagos,  or  "  Tortoise- Islands,"  which  lie  off  the 
coast  of  South  America.  The  Aldabra  Tortoises  are  characterised  by 
their  deeply  excavated  palate,  short  opisthotics,  and  the  presence  of  a 
nuchal  and  of  double  gfular  shields.  Some  of  them  were  living  in  the 
year  1877.  In  the  Pleistocene  of  Madagascar  remains  of  two  very  large 
species  have  been  found,  both  of  which  present  the  characters  of  the 
Aldabra  forms.  The  Mascarene  species  have  no  nuchal  shield,  and  only 
a  single  gular ;  and  the  whole  of  them  have  been  exterminated  by  human 
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agency.  Their  skulls  resemble  those  of  the  next  group  (fig.  1017  bis)  in 
the  slight  excavation  of  the  palate,  and  the  produced  opisthotics.  Finally, 
the  Galapagos  tortoises,  a  considerable  number  of  which  were  found  in 
Albemarle  and  Abingdon  Islands  during  the  voyage  of  the  Challenger, 
are  distinguished  by  the  double  gulars  and  the  absence  of  the  nuchal 
shield.  From  the  Pleistocene  of  South  America,  Dr  Moreno  describes 
two  lai^e  tortoises  allied  to  the  Galapagos  forms ;  one  of  them  being 


Fig.  1017  hu.  ~  Palaul  aspect  of  the  cranium  of  Testudo  micro^kyts ;  from  the  Galapagos 
Islands.    Two-diirds^  natural  size*^  au^  Auditory  ai>erture ;  bo^  Basioccijjital ;  bs^  Basisphenoid ; 

■ur,  ] 
w.  Vomer. 


cMi,  Condyle  of  quadrate ;  mjr,  Maxilla ;  oc^  Occipital  condyle  ;  of^  Opisthotic ;  >a/,  Palatine ; 
prnjc^  Premaxilla;  >/,  Pterygoid;  ^,  Quadrate;  squ^  Squamosal;  sup^  Supraoccipital  spine; 


described  as  the  probable  ancestor  of  T,  nigra  [elephantopus)  of  the 
latter  group.  The  carapace  of  T,  elephantina  measures  four  feet  in  a 
straight  line. 

Family  CHELONiDiE. — The  last  family  of  the  Cryptodira  differs 
from  all  the  preceding  in  having  the  limbs  modified  into  more  or 
less  complete  paddles  or  flippers  (^g,  1018),  which  in  the  existing 
forms  have  only  one  or  two  claws.  The  carapace  is  broad  and 
more  or  less  depressed,  and  is  very  generally  heart-shaped  (^g, 
1 01 8),  although  in  some  of  the  early  forms  it  is  rounded  at  both 
extremities.  The  nuchal  bone  has  no  costiform  process ;  there  are 
usually  larger  or  smaller  unossified  spaces  between  the  costals  and 
marginals  of  the  carapace  (^%,  1006),  but  in  very  old  individuals 
these  may  obliterate  in  some  forms ;  and  the  plastron  is  not  articu- 
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lated  to  the  carapace,  and  has  digitated  lateral  terminations,  and 
generally  a  larger  or  smaller  median  vacuity  (fig.  1009).  The 
humerus  is  more  or  less  flattened,  with  the  axis  of  the  head  gen- 
erally placed  nearly  immediately  above  that  of  the  shaft,  and  the 
radial  process  small,  and  placed  more  or  less  below  the  well- 
developed  head.  The  caudal  vertebrae  are  procoelous,  and  the 
cervicals  extremely  short.  In  the  skull  the  temporal  fossae  are 
completely  roofed  over  by  bone,  so  that  the  squamosal  joins  the 
parietal ;  and  the  bones  of  the  palate  unite  for  a  longer  or  shorter 
distance  beneath  the  narial  passage,  so  as  to  throw  the  posterior 
nares  more  or  less  backward  (fig.  1020).  The  prefirontals  (as  in 
most  Testudinida)  always  form  a  re-entering  angle  posteriorly ;  and 
the  tympanic  cavity  is  quite  open  posteriorly,  so  as  to  expose  the 
stapes.     In  old  individuals  the  vacuities  in  the  shell  tend  to  ob- 


Fig.  ioi8.~Voung  of  the  Hawksbill  Turtle  {Ckelotu  imbricatd).    Much  reduced. 
(After  Bell.) 

literate,  and  in  the  more  generalised  extinct  types  this  tendency  is 
much  more  marked,  and  it  is  quite  probable  that  in  some  cases 
they  may  have  completely  disappeared.  This  more  complete  ossifi- 
cation of  the  shell  in  these  generalised  types  indicates  affinity  with 
the  preceding  families,  and  probably  more  especially  with  the 
AcicheiyidcB ;  and  the  same  is  indicated  by  other  features,  such  as 
the  more  marked  constriction  of  the  shaft  of  the  humerus,  and  the 
more  oblique  position  of  its  head,  together  with  the  probable  pres- 
ence of  claws  to  all  the  digits.  Some  writers,  indeed,  consider  these 
more  generalised  types  as  entitled  to  constitute  a  distinct  family — 
the  Propleurida ;  but  their  close  relationship  to  the  existing  Log- 
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gerhead  forbids  this  view.  We  have  already  suggested  reasons  for 
regarding  this  family  as  being  descended  from  the  Mesozoic  Act- 
chefyida^  and  from  this  point  of  view  it  is  interesting  to  note  the 
presence  of  an  intergular  shield  in  the  plastron  of  the  existing,  and 
probably,  therefore,  of  the  fossil  forms,  since,  as  we  have  already 
stated,  this  appears  to  be  an  archaic  feature.  The  same  observa- 
tion will  apply  to  the  open  tympanic  ring.  At  the  present  day 
there  are  four  living  species  of  Turtles  —  viz.,  the  Loggerhead 
{Thalassochdys  caretta^  fig.  1006),  the  Mexican  Loggerhead  (71 
Kempi)y  the  Hawksbill  \Chelone  imbricata^  fig.  10 18),  and  the 
Green  Turtle  (C.  my  das),  all  of  which  are  of  purely  marine  habits. 
The  Hawksbill  alone  is  carnivorous ;  and  is  further  peculiar  for  the 
circumstance  that  in  the  young  state  the  epidermal  shields  imbricate, 
instead  of  imiting  by  their  edges.  It  has  been  suggested  that  the 
extinct  genera  were  of  estuarine  rather  than  purely  marine  habits ; 
and  this  is  borne  out  by  their  occurrence  in  the  estuarine  deposits 
of  the  London  Clay,  to  the  exclusion  of  the  marine  genus 
Chelane, 

The  most  remarkable  of  the  extinct  genera  is  Lytoloma  {Eudastes, 
PufptgeruSy  GlossochefySy  or  Erquelinnesid),  which  occurs  typically 
in  the  Eocene  of  North  America  and  the  London  Clay,  and  is  also 
represented  in  the  Middle  Eocene  of  Bracklesham,  as  well  as  in  the 
Chalk  and  Cambridge  Greensand.  In  the  typical  Eocene  forms, 
like  the  so-called  Chelone  planimentum  and  C  crassicostatum  of  the 
London  Clay,  the  skull  is  as  large  in  proportion  to  the  shell,  as  in 
MacrocUmmys  among  the  Chelydrida,  The  skull  of  the  adult  is 
remarkable  for  the  extremely  backward  position  of  the  posterior 
nares,  which  are  approximator  to  the  basioccipital ;  and  for  the 
length  and  width  of  the  mandibular  symphysis  (fig.  1019,  a).  The 
palate  has  low  alveolar  walls,  and  no  oral  ridge;  the  nares  and 
orbits  are  directed  somewhat  upwardly ;  and  the  bar  between  the 
latter  is  narrow.  The  shell  is  characterised  by  the  great  extent  of 
its  ossification,  as  well  as  by  the  rounded  posterior  extremity  of  the 
carapace,  and  the  sutural  connection  of  the  broad  xiphiplastrals  in 
the  median  line.  The  head  of  the  humerus  is  somewhat  oblique, 
and  its  shaft  much  constricted.  The  limbs  were  clawed.  Curiously 
enough,  in  the  young,  and  perhaps  also  in  the  adult  of  some  of  the 
smaller  forms,  the  posterior  nares  were  placed  much  less  back- 
wardly,  and  the  mandibular  symphysis  was  shorter  and  less 
flattened.  It  is  probable  that  at  least  some  of  the  North  American 
Eocene  forms  described  as  Osteopygis^  Propleura,  and  Catapkura, 
are  not  separable  from  this  genus ;  while  a  turtle  from  the  Creta- 
ceous of  Australia,  originally  described  by  the  preoccupied  name 
of  NotacheiySy  but  which  has  been  provisionally  designated  Noto- 
cheUme,  is  probably  also  nearly  related. 
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Closely  allied  to  the  preceding  is  the  genus  Thaiassocheiys,  as 
represented  by  the  Loggerhead  (fig.  1006).  The  skull  is,  however, 
relatively  smaller  in  proportion  to  the  shell,  which  is  distinguished 
by  the  presence  of  five  costal  shields ;  the  carapace  is  heart-shaped ; 
the  xiphiplastrals  are  narrow,  and  join  only  at  their  extremities; 
while  the  terminal  phalangeals  are  flattened  and  have  but  one  or 
two  claws.  The  shell  is  distinguished  from  that  of  Chelone  by  its 
more  complete  ossification,  and  its  T-shaped  entoplastral ;  while 


3^- 


Fig.  1019. — Oral  aispect  of  the  left  half  of  the  mandible  of  Lvtolcma  crtusicottatum  (a),  and 
Chehne  mydas  (b).  Reduced.  The  former  from  the  Lower  Eocene  of  Belgium,  the  latter  re- 
cent, e^  Postarticular  process ;  o^  Splenial ;  «,  Geniohyoid  groove ;  g^  k^  Insertion  of  temporal 
muscle ;  A,  Coronoid  process. 

the  humerus  is  more  constricted,  and  has  its  head  placed  more 
obliquely.  The  position  of  the  posterior  nares  and  the  form  of  the 
palatal  walls  and  mandibular  symphysis  closely  resemble  the  same 
parts  in  the  young  of  Lytoloma,  In  very  old  specimens  the  vacui- 
ties between  the  costals  and  marginals  completely  close  up.  This 
genus  probably  occurs  in  the  London  Clay,^  and  also  in  the  Middle 
Eocene  of  Bracklesham. 

^  As  indicated  by  a  mandibular  symphysis  in  the  British  Museum. 
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In  ArgiUochefys^  of  the  London  Clay,  the  skull  (fig.  1020),  which 
is  very  short  and  has  deeply  emarginate  pterygoids,  differs  from  that 
of  the  preceding  genera  by  the  presence  of  an  oral  ridge  on  either 
side  of  the  palate  and  in  the  middle  of  the  mandibular  symphysis, 
although  these  are  present  in  the  Mexican  Loggerhead.  The 
vomer,  as  in  the  young  of  Lytoloma^  is  very  long,  and  extends 
forwards  to  join  the  premaxillae;  and  the  pterygoids  are  charac- 
terised by  the  forward  position  of  their  ectopterygoid  processes. 
The  shell  seems  to  have  been  much  like  that  of  Thalassochelys^ 
but  had  only  four  costal  shields,  and  its  plastron  was  perhaps 


Fig.  X030.— Frontal  and  palatal  aspects  of  a  youn^  cranium  oX  Argillochtlys  cunetceps;  from 
the  London  Clay.  Owing  to  immattirity  the  palataJ  ridses  are  imperfectly  developed,  a.  Oc- 
cipital, ^,  Parocdpital,  c,  Parietal,  and  </,  Frontal  epidermal  shields;  bo^  Basiocci^ital;  //, 
Pterygoid ;  e/tj  Ectopterygoid  process  of  do. ;  v,  Vomer ;  mXj  Maxilla;  ^mx^  Premaxilla.  The 
booes  OQ  the  frontal  aupect  correspond  with  those  of  fig.  xoa2,  m  which  letters  are  given. 

less  ossified,  although  the  xiphiplastrals  united  extensively  in  the 
middle  line.  The  mandibular  symphysis  is  convex,  and  com- 
paratively short  The  skull  of  the  type  species  was  originally 
described  as  Chelone  cunetceps ;  while  the  shells  figured  as  C  sub- 
cristata  and  C.  convexa  are  referable  to  this  genus. 

In  the  typical  genus  Chelone  the  skull  is  much  smaller  in  propor- 
tion to  the  shell  than  in  Thaiassochefys.  It  is  characterised  by  the 
more  or  less  nearly  vertical  position  of  the  nares  and  orbits,  and  the 
width  of  the  bar  between  the  latter ;  by  the  tall  alveolar  walls  and 
the  oral  ridges  of  the  palate  and  mandibular  symphysis ;  the  long 
pterygoids,  with  the  ectopterygoid  processes  placed  somewhat  back- 
wardly ;  the  forward  position  of  the  posterior  nares ;  and  the  more 
or  less  marked  shortness  of  the  convex  mandibular  symphysis  (fig. 
1019,  b).  The  skull,  moreover,  has  no  occipital  epidermal  shield, 
which  is  generally  present  in  the  other  forms  (fig.  1020).     In  the 
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shell  the  carapace  is  either  heart-shaped,  or  pointed  at  each  end 
(fig.  1021);  the  vacuities  are  large  and  persistent;  the  entoplastral 

is  long  and  dagger  -  shaped ; 
and     the     xiphiplastrals    are 
slender     and     separate    (fig. 
1009).     The  humerus  is  but 
little  constricted,  with  its  head 
nearly  on  the  axis  of  the  shaft ; 
and  the  coracoid  is  longer  and 
more  slender  than  in  Thalas- 
sochelys  ;  the  Green  Turtle  (C. 
mydas)  being  more  specialised 
in   these    respects    than  the 
Hawksbill  (fig.    1018).     The 
earliest    occurrence     of    the 
genus  appears  to  be   in  the 
Cambridge    Greensand     and 
Gault,  where  C  Jessont  has  a 
very  massive  mandible,  some- 
what resembling  that  of  the 
Hawksbill.      This  form   may 
possibly  be  identical  with  C. 
Benstedi   of   the   Chalk   (fig. 
102 1 ),  which  is  only  definitely 
known  by  very  young  shells, 
and  has  been  made  the  type  of  the  genus  Cimoliochelys,     In  the 
topmost  Cretaceous  of  Maastricht  the  gigantic  C  Hoffmanni  ap- 
pears to  be  allied  to  C  imbricata^  but  has  a  shorter  and  wider 
palate  and  mandibular  symphysis,  a  more  deeply  emarginate  nuchal, 
and  the  costal  bones  extremely  short.    From  the  latter  very  special- 
ised character  Dr  Baur  regards  this  species  as  entitled  to  generic 
distinction,  and  has  proposed  the  name  of  Aiiopieuron.    An  equally 
large,  and  perhaps  closely  allied  turtle  occurs  in  the  English  Chalk. 
In  the  higher  Miocene  of  fiordeaux  C,  girondica  appears  to  be  a 
form  closely  allied  to  existing  types. 

Section  4.  Trionychoidea. — The  last  section  of  the  suborder 
includes  the  mud-turtles  or  soft-tortoises,  of  the  freshwaters  of  Asia, 
Africa,  and  North  America ;  all  of  which  are  of  aquatic  and  car- 
nivorous habits.  These  forms,  which  may  probably  be  regarded 
as  extremely  specialised  types,  present  the  following  distinctive 
features.  The  shell  is  sculptured  and  devoid  of  epidermal  shields ; 
its  entoplastral  being  in  the  form  of  a  chevron,  which  divides  the 
epiplastral  from  the  hyoplastral;  and  the  marginals,  if  present, 
forming  only  an  incomplete  series  at  the  posterior  extremity  of  the 
carapace,  and  having  no  connection  with  the  ribs.     The  long  cer- 


Fig.  xoai. — Carapace  ofCluUmt  (?)  Benstedi;  from 
Uie  English  Chalk.    Reduced.    (After  Owen.) 
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vical  vertebrae  have  no  distinct  transverse  processes,  and  the  eighth 
articulates  with  the  first  dorsal  solely  by  the  zygapophyses,  thus 
fonning  the  most  remarkably  complete  hinge-joint  among  the  whole 
of  the  Vertebrata.  The  fourth  digit  in  each  limb  is  characterised  by 
having  not  less  than  four  phalangeals.  The  form  of  the  tympanic 
ring  of  the  quadrate,  and  the  relations  of  the  latter  to  the  mandible, 
are  of  the  same  type  as  in  the  Cryptodira ;  and  we  find  a  similar 
absence  of  union  between  the  pelvis  and  the  plastron.  In  the 
cranium  (fig.  1022)  the  chief  distinctive  features  are  to  be  found  in 
the  palate ;  thus  the  broad  pterygoids  are  separated  from  one  another 
by  the  basisphenoid,  which  extends  forwards  to  join  the  palatines ; 
the  latter,  owing  to  the  small  size  of  the  vomer,  uniting  extensively 
in  the  middle  line ;  and  the  whole  structure  of  the  palate  being  of  a 
Pleurodiran  type.  As  minor  characters  of  the  skull,  attention  may 
be  directed  to  the  open  temporal  fossae,  and  the  forward  position 
and  upward  direction  of  the  small  orbits,  as  well  as  to  the  extreme 
development  of  the  backward  processes  of  the  supraoccipital  and 
squamosal.  The  sacral  and  caudal  ribs  articulate  only  with  the 
arches  of  the  vertebrae,  and  there  are  no  chevrons.  The  plastron  is 
always  entirely  separate  from  the  carapace,  and  has  a  large  median 
vacuity  and  digitate  extremities,  as  in  the  marine  Chelonida.  Fur- 
ther, the  head  and  neck  are  retracted  within  the  carapace  after  the 
Cryptodiran  manner,  but,  owing  to  the  peculiar  structure  of  the 
eighth  cervical  vertebra,  in  a  still  more  complete  way.  In  all  cases 
the  posterior  lateral  surfaces  of  the  neural  bones  of  the  carapace  are 
mudi  shorter  than  the  anterior. 

The  marked  resemblance  of  the  palate  and  the  general  aspect  of 
the  Trionychoid  skull  to  that  of  existing  Pleurodira  is  a  circum- 
stance that  does  not  admit  of  a  ready  explanation  from  a  phylo- 
genetic  point  of  view,  unless  we  adopt  the  somewhat  improbable 
suggestion  that  the  Pleurodira  gave  origin  to  the  Trionychoidea  at  a 
time  when  their  pterygoids  had  attained  their  full  width,  but  while 
the  tympanic  ring  was  still  partially  open. 

Family  TRiONVCHiDiE. — ^The  whole  of  the  members  of  this  sec- 
tion may  be  included  in  a  single  family,  which  is,  however,  suscep- 
tible of  division  into  two  subfamilies.  In  the  first,  or  Emydincdy 
the  opisthotic  of  the  skull  unites  with  the  pterygoid  to  divide  the 
posterior  aperture  of  the  auditory  labyrinth  into  two  foramina ;  the 
hyo-  and  h3rpoplastral  of  either  side  are  fused  together ;  the  sculp- 
ture of  the  carapace  is  tuberculated ;  and  marginals  may  be  present. 
The  existing  Oriental  genus  Emyda^  in  which  marginals  and  a  com- 
plete series  of  neurals  are  present,  is  represented  by  numerous  species 
in  the  Pliocene  Siwaliks  of  India,  some  of  which  attained  very  large 
dimensions.  The  African  genera  CydanorHs  and  Cycloderma^  in 
which  marginals  were  not  developed,  are  at  present  unknown  in  a 
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fossil  state.  In  the  second  subfamily,  or  Trionychina^  the  hyo-  and 
hypoplastrals  remain  distinct  throughout  life;  the  pterygoid  does 
not  join  the  opisthotic  behind  the  labyrinth ;  the  sculpture  usually 
consists  of  sinuous  ridges  or  pits ;  and  marginal  bones  are  never 
developed  in  the  carapace.  The  type  genus  Trionyx  is  widely  dis- 
tributed at  the  present  day,  and 
extends  downwards  into  the  Lower 
Eocene  of  both  Europe  and  the 
United  States,  and  is  also  repre- 
sented in  the  Upper  Cretaceous  of 
the  latter  area.  Many  species  are 
remarkable  for  showing  dimorphic 
types  of  skull,  which  in  one  modi- 
fication has  a  broad  palate  adapted 
for  crushing,  while  in  the  other  the 
palate  is  very  narrow.  The  Indian 
species,  in  which  the  skulls  are  not 
subject  to  this  variation,  have  two 
short  neural  bones  between  the  first 
costals ;  while  in  the  recent  Ameri- 
can forms  there  are  but  seven  pairs 
of  costals.  All  the  European  fossil 
forms  agree  with  the  majority  of 
species  in  having  only  one  long 
neural  bone  between  the  first  cos- 
tals. In  Europe  this  genus  appears 
to  be  unknown  above  the  Upper 
Miocene  of  (Eningen,  and  it  is  ex- 
tremely abundant  in  the  Upper 
Eocene  (Lower  Oligocene)  of  Hord- 
well.  The  existing  Indian  species 
occur  in  the  Pleistocene  and  Plio- 
cene of  that  country.  Of  the  American  Tertiary  species  at  least 
some  have  eight  costals,  and  in  some  cases  only  six  neurals.  The 
Lower  Eocene  and  Upper  Cretaceous  forms  described  by  Professor 
Cope  as  Plastomenus  may  be  included  in  the  type  genus,  since  the 
thickening  of  the  plastron  can  scarcely  be  regarded  as  a  generic 
character.  The  same  remark  applies  to  the  Eocene  Axestus^  of  the 
United  States,  in  which  the  plastron  is  smooth,  as  in  some  existing 
forms.  An  apparently  distinct  type,  in  which  the  outer  margin  of 
the  costals  is  deeply  grooved,  occurs,  however,  in  the  English 
Upper  Eocene,  which  has  been  named  Aulacochelys,  Finally,  the 
exclusively  Oriental  genus  Chitra  is  represented  in  the  Pliocene 
and  Pleistocene  of  India  by  remains  of  the  one  existing  species  C 
indicuy  the  largest  member  of  the  family. 


Fig.  I033. — Frontal  aspect  of  the  cranium 
of  TrioHvx  jg;aHgetici4s ;  from  the  Pleisto- 
cene of  India.  Reduced,  sup^  Supraocci* 
pital ;  ^r^  Parietal ;  /t./,  Postfrontal ;  /r, 
Fronui ;  ^/^  Prefrontal  +  nasal ;  jwjc, 
Maxilla ;  y«,  Jugal ;  qj,  Quadratojugal ; 
or^  Orbit.  The  processes  on  either  side  of 
the  supraoccipital  are  formed  externally  by 
the  squamosal,  and  internally  by  the  opis- 
thotic, of  whicn  the  jnner  border  articulates 
with  the  supraoccipital;  externally  to  the 
parietal  is  the  proGtic. 
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CHAPTER    LIV. 

CLASS    REFTILIA  — continued. 
Orders  Ichthyopterygia,  Proterosauria,  Rhynchocephalia, 

AND  SQUAMATA. 

Streptostylic  Branch.  —  According  to  the  arrangement  pro- 
posed by  Dr  Baur,  this  branch  is  taken  to  include  the  four  orders 
mentioned  in  the  heading  of  this  chapter.  These  orders  present  a 
remarkable  instance  of  the  divergent  views  obtaining  among  different 
writers  as  to  the  classification  of  Reptiles.  Thus  Professor  Cope 
has  proposed  to  place  the  Ichthyopterygia  in  a  group  by  themselves, 
which  he  regards  as  of  equal  value  to  another  containing  all  the 
other  orders ;  while  Professor  Seeley  at  one  time  regarded  this  order 
as  a  division  of  the  Dinosauria,  although  its  relationship  to  the 
Squamata  had  been  long  before  pointed  out  by  Sir  R.  Owen.  Pro- 
fessor Seeley  has  also  proposed  to  separate  the  Squamata  from  all 
other  Reptiles  under  the  name  of  Coenosauria,  and  to  include  the 
Rhynchocephalia  in  a  second  division  as  Palseosauria.  Professor 
Cope,  while  not  going  so  far  as  this,  places  the  Rhynchocephalia  in 
the  Synaptosaurian  branch ;  while  Professor  Huxley  would  include 
both  that  group  and  the  Proterosauria  in  the  Squamata  (Lacertilia), 
from  which  the  Ophidia  are  excluded.  Dr  Baur,  again,  merges  the 
Proterosauria  in  the  Rhynchocephalia,  and  regards  the  latter  as  a 
distinct  order  allied  to  the  Squamata,  This  middle  course  is  fol- 
lowed in  the  present  work,  although  the  Proterosauria,  in  accordance 
with  the  views  of  Professor  Seeley,  are  provisionally  allowed  to  rank 
as  an  order. 

The  present  branch  may  be  collectively  characterised  as  follows : 
The  dentition  is  very  generally  either  acrodont  or  pleurodont,  with 
the  teeth  of  the  adult  anchylosed  to  the  jaws ;  but  the  teeth  may 
be  implanted  in  a  groove,  and  remain  free.  In  addition  to  their 
presence  in  the  jaws,  teeth  may  also  be  developed  on  the  palatine 
and  pterygoid,  and  very  rarely  on  the  vomer.     There  is  very  fre- 
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quently  a  parietal  foramen ;  the  superior  temporal  arcade  is  gener- 
ally present,  but  in  the  more  specialised  forms  the  inferior  is  often 
wanting.  The  quadrate  may  be  either  movably  or  immovably 
attached  by  its  proximal  extremity  to  the  cranium ;  a  columella  is 
very  generally  present ;  and  the  ramus  of  the  mandible  never  has 
a  lateral  vacuity.  The  precoracoid  appears  to  be  fused  with  the 
coracoid,  and  may  be  represented  by  a  precoracoidal  process  (fig. 
1040),  or  its  position  indicated  merely  by  a  fontanelle,  while  in  the 
Ichthyopterygia  even  the  latter  is  wanting.  A  T-shaped  interclavicle 
and  clavicles  are  present  in  all  the  earlier  and  a  large  proportion  of 
the  later  forms.  Usually  all,  or  nearly  all,  of  the  dorsal  ribs  articu- 
late by  single  heads ;  the  dorsal  vertebrae  either  have  short  or  rudi- 
mental  transverse  processes,  which  are  never  placed  entirely  on  the 
arch,  or  (Ichthyopterygia)  a  pair  of  facets  on  the  centrum;  and, 
with  one  exception,  there  are  not  more  than  two  vertebrae  in  the 
sacrum.  Abdominal  ribs  are  present  in  the  earlier,  but  are  lost  in 
most  of  the  later  forms.  The  humerus  frequently  has  an  ectepicon- 
dylar  foramen.  The  number  of  phalangeals  in  the  digits  of  pente- 
dactylate  land  forms  is  generally  2,  3,  4,  5,  3,  in  the  manus,  and 
2,  3>  4,  5>  4  in  the  pes. 

In  no  case  are  secondary  posterior  nares  formed  by  the  develop- 
ment of  plates  from  the  bones  of  the  palate  to  floor  the  narial 
passage ;  the  posterior  nares  consequently  always  forming  more  or 
less  slit-like  horizontal  apertures  in  the  roof  of  the  mouth.  Neither 
is  the  posterior  extremity  of  the  palate  ever  completely  closed  by 
the  junction*  of  the  pterygoids  with  the  basisphenoid,  after  the 
fashion  obtaining  in  the  Chelonia  (fig.  ioi7^iV)and  some  Sauro- 
pterygia ;  there  being  always  a  vacuity  between  the  hinder  extrem- 
ities of  the  pterygoids  which  displays  the  presphenoidal  rostrum. 

Order  IV.  Ichthyopterygia. — The  Mesozoic  Ichthyosaurs  and 
their  allies  were  large  marine  Reptiles,  with  the  body  long,  and 
shaped  somewhat  like  that  of  the  Cetacea  (fig.    1023),  without 


Fig.  1023. — Greatly  reduced  restoration  of  the  skeleton  of  Ichthyosaurus  communis ;  fttMn  the 
Lower  Lias  of  Dorsetshire.    The  pelvic  limb  is  relatively  too  large.    (After  Owen.) 

either  dermal  or  epidermal  skeleton ;  the  limbs  being  modified  into 
paddles,  in  which  the  component  bones  were  in  apposition  on  all 
sides,  and  the  phalangeals  were  oval  or  polygonal,  and  increased 
beyond  the  normal  number.  The  skull  (fig.  1024)  has  the  facial 
region  produced  into  a  long  rostrum,  mainly  formed  by  the  pre- 
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maxillae  in  the  upper  jaw ;  and  the  nares  are  consequently  approxi- 
mated to  the  orbit,  which  is  of  very  large  size,  and  has  a  ring  of 
bony  plates  in  the  sclerotic ;  there  is  a  large  parietal  foramen ;  and 
there  are  two  temporal  arcades  connected  together  by  the  supra- 
temporal  (prosquamosal  or  supraquadrate),  which  roofs  over  the 
infratemporal  fossa,  after  the  Labyrinthodont  fashion.     Other  char- 


Fig.  X094.— Reduced  left  lateral  view  of  the  skull  of  Ichthvosaurus  tMtermedius;  from  the 
Lover  Lias  of  Dorsetshire.  Prnx^  Premaxilla ;  Mx^  Maxilla ;  N,  Nares ;  Za,  Lachrymal ; 
Pff,  Prefrontal ;  Fr^  Frontal ;  Pa,  Parietal ;  Pt,  Postfrontal ;  5"/,  Supratemporal ;  Sq,  Squa- 
Bosal;  Qj,  Quadratojugal ;  Qu,  Quadrate;  Jm,  Jugal ;  Pt.O,  Postorbital.    (After  Huadey.) 

acteristic  features  of  the  skull  are  the  small  frontals ;  the  presence 
of  an  opisthotic  in  the  occipital  region  ;  the  distinctness  of  the  post- 
orbital  from  the  postfrontal,  and  of  the  lachrymal  from  the  pre- 
frontal ;  the  firm  fixture  of  the  quadrate,  which  does  not,  however, 
suturally  unite  with  the  pterygoid ;  and  the  presence  of  a  foramen 
separating  the  middle  portion  of  the  quadratojugal  from  that  bone,  as 


Fis.  109^ — The  centrum  of  an  anterior  dorsal  vertebra  of  IchthjosauruSy  viewed  in  section , 
and  from  the  anterior  and  left  lateral  aspects ;  from  the  Kimeridge  Clay  of  Wiltshire.  Reduced. 
(After  Owen.) 

in  the  existing  Rhynchocephalian  genus  Sphenodon^  and  the  presence 
of  a  columella,  or  epipterygoid.  The  palate  has  essentially  the  same 
structure  as  in  the  last-named  genus.  As  in  the  Squamata,  there  is 
no  lateral  vacuity  in  the  mandibular  rami.  The  teeth  are  confined  to 
the  jaws,  and  are  implanted  in  a  continuous  groove,  without  anchy- 
losis to  the  bone.    Their  crowns  are  sharply  pointed,  and  are  usually 
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cylindrical  and  deeply  fluted  (fig.  1032),  but  are  occasionally  com- 
pressed, carinated,  and  smooth  (fig.  1028).  The  vertebral  column 
is  primarily  divisible  only  into  a  precaudal  and  a  caudal  series, 
there  being  no  sacrum.  The  centra  (fig.  1025)  are  amphiccelous, 
more  or  less  disk-like,  and  either  deeply  cupped  or  nearly  flat  On 
either  side  those  of  the  precaudal  series  (fig.  1025)  carry  a  pair  of 
tubercles  for  the  articulation  of  the  double-headed  ribs;  while  in  the 
caudal  region  these  tubercles  coalesce.  Superiorly  each  centrum  has  a 
pair  of  flattened  surfaces  for  the  attachment  of  the  neural  arches, 
which  are  united  merely  by  synchondrosis.  In  the  cervical  region 
the  tubercles  for  the  ribs  are  placed  near  the  summit  of  the  lateral 
surfaces  of  the  centra,  and  they  gradually  descend  on  the  centrum, 
till  they  reach  the  base  of  the  lateral  surface  in  the  posterior  pre- 
caudal and  caudal  regions.  In  some  forms  the  upper  costal  tubercle 
of  the  anterior  vertebrae  is  placed  either  partly  or  entirely  on  the 
neural  arch,  and  it  is  convenient  to  term  such  vertebrse,  or  their 
homologues,  cervicals,  and  the  remainder  of  the  precaudal  series 
dorsals.     The  centrum  of  the  atlas  vertebra  is  well  developed,  and 


Fig.  X036.— A,  Ventral  aspect  of  the  pectoral  girdle  and  right  limb  of  Ichthyosaurus  iuUr- 
medius.  D,  PeMc  girdle  of  do.  Reduced,  a,  InterclavicTe ;  bt  Clavicle ;  c.  Scapula ;  tL, 
Coracoid;  ^,  Humerus;  /^  Ulna;  g^  Radius;  »7,  Ilium;  tx,  Ischium;  >,  I'ubis.  (After 
Huxley.) 

there  is  a  large  intercentum  between  the  atlas  and  the  skull,  and 
another  between  the  former  and  the  axis.  There  was  no  sternum ; 
but  a  complex  system  of  abdominal  ribs  was  developed.  The 
dorsal  ribs  were  devoid  of  uncinate  processes;  and  ribs  occur  in 
the  caudal  region.  In  the  pectoral  girdle  (fig.  1026,  a)  there  is 
no  precoracoid ;  but  clavicles  and  a  T-shaped  interclavicle,  like  the 
corresponding  bones  of  the  Lacertilia,  were  developed.  The  cora- 
coids  were  large  and  expanded,  devoid  of  any  fontanelle,  and  not 
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overlapping  one  another  at  their  junction.  The  three  bones  of  the 
pelvis  (fig.  1026,  b)  are  weak  and  rod-like;  the  ilia  have  no  con- 
nection with  the  sacral  region  of  the  vertebral  column ;  and  although 
the  pubis  and  ischium  of  opposite  sides  meet  in  the  middle  line, 
those  of  the  same  side  do  not  unite  to  enclose  the  obturator  notch. 
The  humerus  and  femur  are  relatively  short ;  but  the  radius  and 
tibia  are  still  shorter,  and  may  be  reduced  to  oblong  bones  in 
which  the  transverse  diameter  is  the  longer. 
The  humerus  has  no  foramen.  The  struc- 
ture of  the  paddles  will  be  noticed  under 
the  head  of  the  different  genera ;  but  it  may 
be  observed  that  when  there  is  a  difference 
in  the  size  of  the  limbs  it  is  the  pectoral 
that  is  the  larger.  From  the  less  special- 
ised structure  of  the  limbs  of  the  earlier 
forms  Dr  Baur  regards  the  Ichthyopterygia 
as  descendants  of  land  animals ;  a  conclu- 
sion which  is  supported  by  the  argument 
that  had  these  Reptiles  originated  directly 
from  Fishes,  as  was  formerly  supposed  to 
be  the  case,  they  would  have  retained  their 
gills.  In  regarding  this  order  as  closely 
allied  to  Sphenodon^  Dr  Baur  lays  stress 
upon  the  general  similarity  in  the  cranial 
structure,  and  especially  the  presence  of 
the  foramen  between  the  quadrate  and 
quadratojugal ;  the  identical  structure  of 
the  abdominal  ribs;  and  the  remarkable 
similarity  of  the  pectoral  girdle,  which,  this 
author  remarks,  is  only  comparable  to  that 
of  the  existing  genus,  especially  when  young. 
In  the  skull  and  vertebral  column  the  Ich- 
thyopterygia retain  evidences  of  their  Laby- 
rinthodont  descent,  which  are  lost  in  the 
other  orders  of  this  branch. 

This  order  is  known  to  range  with  cer-    XJ""'  "*'**"''  "'  ^'''  *^°' 
tainty  from  the  Upper  Trias  to  the  Upper 

Chalk.  It  was  also  widely  distributed  in  space ;  its  remains  having 
been  discovered  in  the  Arctic  regions,  in  Europe,  India,  Ceram, 
North  America,  the  east  coast  of  Africa,  Australia,  and  New 
2^ealand.  Part  of  a  jaw  referred  to  Ichthyosaurus  has  been  de- 
scribed from  Malta,  which,  it  has  been  suggested,  may  be  of 
Miocene  age,  but  this  requires  confirmation. 

It  may  be  remarked  that  the  humerus  and  femur  of  this  order 
are  quite  unique  in  that,  instead  of  having  convex  condyles  for  the 


Fig.  X096  bis.  —  Proximal, 
dorsal,  and  distal  aspects  of 
the  left  humerus  of  Ichthyo' 
saurus;  from  the  Kimeridge 
Clay.  One>third  natural  size. 
Oy  Trochanteric  ridge;  r,  Fa- 
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articulation  of  the  epipodial  bones,  they  present  distinct  concavities 
(fig.  1026  dis)  for  their  reception. 

Family  IcHTHYOSAURiDiE. — ^Although  Dr  Baur  makes  the  genera 
MixosauruSy  Ichthyosaurus^  and  Opthalmosaurus  the  types  of  as 
many  families,  yet  it  seems  on  the  whole  more  convenient  to 
include  all  the  known  forms  in  a  single  family.  The  most  general- 
ised group  with  which  we  are  at  present  acquainted  is  the  genus 
Mixosaurus^  from  the  Upper  Trias  of  Italy,  which  is  founded  upon 
a  small  species  presenting  the  following  characters.  The  humerus 
and  femur  articulate  distally  with  two  bones ;  and  the  radius  and 
ulna  are  elongated,  and  separated  from  one  another  by  an  interval 
throughout  their  entire  length.  The  teeth  are  small,  and  not  ex- 
cessively numerous.  It  may  eventually  prove  that  all  the  Triassic 
forms  are  referable  to  this  genus.  The  type 
genus  Ichthyosaurus  is  characterised  by  the  usual 
presence  of  teeth  throughout  the  jaws ;  and  by 
the  normal  articulation  of  the  humerus  with  only 
the  short  radius  and  ulna,  which  are  in  close  ap- 
position (fig.  1027).  In  the  pelvic  limb  the 
femur  similarly  articulates  only  with  the  tibia 
and  fibula  at  its  distal  extremity ;  and  thus  this 
extremity  in  both  the  humerus  and  femur  has  only 
two  articular  facets  (fig.  1026  bis\  The  bone 
which  articulates  inferiorly  with  the  radius  and 
ulna  at  their  junction  is  the  intermedium  (fig. 
1027, 1) ;  while  the  one  filling  up  the  angle  be- 

a'  LJp^p.  tween  the  latter  and  the  radius  is  the  radiale; 
iiCy^  the  opposite  angle  being  occupied  by  the  ulnare. 
Below  the  intermedium  we  have  Uie  centrale, 
which  in  the  more  specialised  forms  may  be 
double  (fig.  1 031),  and  below  this  the  remain- 
ing carpals,  metacarpals,  and  phalangeals,  which 
are  combined  to  form  a  pavement-like  structure. 
The  bones  forming  the  continuation  of  the  line 
of  the  intermedium  in  fig.  1027  correspond  to 
the  middle  or  third  digit  of  the  typical  manus ; 
and  the  structure  of  this  limb  indicates  that  it 

was  derived  fi"om  a  four-fingered  ancestor,  since  the  poUex,  or  first 

digit,  is  not  represented. 

Specimens  have  been  obtained  from  the  Lias  of  Wiirtemberg  and 
Barrow-on-Soar,  in  Leicestershire,  which  show  the  contour  of  the  in- 
teguments of  the  paddles.  It  appears  from  these  that  on  the  anterior 
border  of  the  paddle  (fig.  1027  bis)  there  was  a  comparatively  narrow 
band  of  integument,  which  was  covered  by  minute  homy  scales  ;  while 
on  the  posterior  border  there  was  a  much  broader  flap,  which  appears 


oo 

Fig.  Z037.  —  Doraal 
aspect  of  the  left  pec- 
toral  limb  of  Ichthyo- 
saurus iati/rtms;  from 
the  Lower  Lias.  Re- 
duced.  A,  Humerus ; 
r,  Radius;  «,  Ulna;  r, 
Intermedium.  (After 
Owen.) 
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to  have  contained  parallel  bands  of  muscles  set  obliquely  to  the  axis  of 
the  paddle.  In  the  Latipinnate  group  (fig.  10271ns)  the  posterior  flap 
of  integument  was  narrow  in  proportion  to  the  bony  framework  of  the 
paddle,  and  it  was  produced  inferiorly  into  a  long  pomt  below  the  distal 
bones.  In  the  Longipinnate  group,  however,  the  integuments  were  much 
wider  in  proportion  to  the  bones,  and  they  terminated  inferiorly  in  a 
blunt  extrenuty,  which  only  reached  a  short  distance  below  the  distal 
bones. 

»-  The  larger  forms  attained  a  length  of  from  thirty  to  forty  feet ;  and  it 
is  thought  probable  that  the  extremity  of  the  tail  was  provided  with  a 
membranous  fin.    All  the  species  were  carnivorous ;  and,  as  we  learn 


Tug.  1097  ^M.— Part  of  the  left  pectoral  limb  of  Icktkycuturut  inUrmedius^  viewed  from 
the  ventral  x<ipect,  and  showing  the  contour  of  the  interment.  One-half  natural  size.  Aw,  Hu- 
BMnis ;  r,  Radius ;  u^  Ulna ;  r',  Radiale ;  i ,  Intermedium ;  af',  Ulnare ;  c^  <f^  Centralia.  rrom 
the  Lower  Lias  of  BarrowK>n*Soar. 

from  the  so-called  coprolites,  their  food  consisted  to  a  considerable  ex- 
tent of  Ganoid  Fishes.  These  coprolites  further  tell  us  that  the  intestine 
was  provided  with  a  spiral  valve,  as  in  the  Selachian  fishes.  Perhaps, 
however,  the  most  remarkable  circumstance  connected  with  their  internal 
economy  is  the  not  unfrequent  occurrence  of  entire  skeletons  of  small 
individuals  within  the  thoracic  and  abdominal  cavity  of  larger  ones ; 
these  small  specimens  being  invariably  uninjured,  and  belongmg  to  the 
same  species  as  the  one  in  which  they  are  contained.  This  leads  Pro- 
fessor Seeley  to  conclude  that  some  species  or  individuals  were  vivi- 
parous, and  that  the  young  were  probably  produced  of  different  relative 
bulk  in  different  species.  There  is  also  evidence  to  show  that  in  some 
cases  many  young  were  produced  at  a  birth  ;  the  number  beine^  perhaps 
a  specific  character.  It  cannot,  however,  be  taken  as  proved  that  all 
Ichthyosaurs  were  viviparous,  since  in  such  other  Sauropsida  and  Ich- 
thyopsida  in  which  the  same  mode  of  development  occurs,  it  is  not  dis- 
tinctive of  any  entire  group ;  and  it  is  noteworthy  that  the  three  specimens 
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with  young  figured  by  Professor  Seeley  all  belong  to  a  single  species. 
This  genus  may  be  divided  into  two  groups  from  the  structure  of  the 
pectoral  limb.  In  the  Longipinnate,  or  least  specialised  group,  which  is 
unknown  above  the  Lias,  the  orbit  is  generally  of  very  large  dimensions. 
The  pectoral  limb  (fig.  1027)  is  characterised  by  having  the  third  digit, 
or  that  arising  from  the  intermedium,  comprising  only  a  single  lon^- 
tudinal  row  of  bones,  and  consequently  having  only  one  centrale  ;  while 
there  are  usually  only  four  longitudinal  rows  of  phalangeals  in  this  limb, 
and  the  radius  is  nearly  square,  with  a  distinct  notch  in  its  anterior 
border  (fig.  1027).  This  group  may  be  further  subdivided  into  minor 
groups.     One  of  the  most  aberrant  forms  is  the  huge  /.  plat^odon^  of  the 

Lower  Lias,  which  attained  a  length 
of  nearly  forty  feet.  This  species  is 
characterised  by  the  pelvic  paddles 
being  nearly  as  large  as  the  pectoral ; 
but  still  more  readily  by  the  teeth 
(fig.  1028),  which  have  compressed, 
carinated,  and  smooth  crowns,  and 
the  roots  covered  with  a  coating  of 
cement.  /.  lonchiodon  is  an  allied 
Lower  Liassic  form  with  cylindrical 
and  fluted  teeth.  Another  type  is 
indicated  by  /.  ienuirosiris  and  /. 
latifrons  (longirosiri5\  in  which  the 
cranial  rostrum  (fig.  1029)  is  greatly 
elongated  and  very  slender.  The 
paddles  (fig.  1027)  are  remarkable 
for  the  large  size  of  the  component 
bones  ;  ana  in  /.  ienuirosiris  there  is 
a  small  circular  vacuity  between  the 
radius  and  ulna,  indicating  the  last 
remnant  of  the  large  vacuity  found 
in  Mixosaurus.  Lastly,  /.  acutiros- 
iris,  /.  zetlandicusy  and  /.  integer 
are  three  Upper  Liassic  members  of 
this  group  indicating  a  transition  to 
the  next  group ;  the  radius  of  the 
latter  species  having  no  anterior  notch.  The  skull  of  /.  zetiandicus  is 
shown  in  fig.  1030. 

In  the  more  specialised  or  Latipinnate  group,  which  ranges  from  the 


Fig.  1038. — Lateral  and  profile  views  of  a 
tooth  of  Ichthyosaurus  ^iatyodott ;  from  the 
er  Lias  of  Dorsetshire. 


Lower  J 


Fig.  X029. — Left  lateral  view  of  the  skull  of  Ichthyosaurus  lati/rons;  from  the  Lower  Lias 
of  Leicestershire.     Reduced. 


Lias  to  the  Chalk,  the  orbit  is  usually  relatively  snaaller  than  in  the  last 
group.  The  pectoral  limb  (fig.  1031)  has  the  third  digit,  or  that  arising^ 
from  the  intermedium,  with  a  double  longitudinal  row  of  bones,  and  there 
are  consequently  two  centralia.    There  are,  moreover,  never  less  than 
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five  longitudinal  rows  of  phalangeals  in  this  limb  (the  marginal  rows  are 
wanting  in  fig.  1031) ;  and  the  radius  is  transversely  elongated  (and  thus 
very  widely  removed  from  the  normal  type)  with  an  entire  anterior 
border.  It  is  important  to  observe  that  in  this  group  the  splitting  of 
the  third  digit  and  the  two  centralia  are  evidently  acquired,  and  not 
inherited  characters.  Like  the  last,  this  group  may  be  divided  into 
subgroups.  In  the  typical  subgroup,  which  is  confined  to  the  Lias, 
the  teeth  (fig.  1032)  have  their  roots  strongly  fluted,  and  the  dorsal 
aspect  of  the  humerus  has  no  strongly-marked  trochanteric  ridge.     /. 


Fur.  lojou — Superior  and  right  lateral  aspects  of  the  skull  of  Ichthvotaurus  teitandicus  ;  from 
the  Upper  Lias  of  Caen.  Reduced.  Pmx,  Premaxilla ;  Afx,  Maxilla ;  N,  Nares ;  //a.  Nasal  ; 
Lmj  Lachnrmal ;  Prf,  Prefrontal ;  Fr.  Frontal ;  Pa,  Parietal :  Pt/,  Postfrontal ;  S^,  Squamosal ; 
S/,  Sapratcmporal ;  Ptfr,  Postorbital;  Qu%  Quadratojugal ;  7,  Jugal;  A,  Orbit;  S,  Supra- 
;  Sci,  Sclerotic  plates ;  Mtlf  Mandible ;  A,  Articular ;  ang'.  Angular ;  o/,  Splenial ; 


toraoral  fossa; 

<  Datary.    (After  Ziltel.) 


intermedius  is  the  species  least  widely  removed  from  the  preceding 
group ;  while  the  typical  /.  communis  is  distinguished  by  the  extreme 
width  of  the  paddles.  In  a  second  subgroup,  which  ranges  from  the 
Oxford  Clay  to  the  Chalk,  the  roots  of  the  teeth  are  invested  with  a 
thick  layer  of  cement ;  the  dorsal  aspect  of  the  humerus  has  a  pro- 
minent trochanteric  ridge ;  and  the  coracoid  differs  from  that  of  the 
preceding  subgroup  (fig.  1026)  by  the  absence  of  a  posterior  notch.  This 
subgroup  comprises  /.  trigonus^  and  probably  other  allied  forms  from 
the  Oxford  and  Kimeridge  Clays  ;  and  also  the  well-known  /.  campy lo- 
don^  from  the  Upper  Cretaceous  of  a  large  portion  of  Europe,  to  which 
/.  indicuSy  from  the  corresponding  strata  of  India,  and  perhaps  also  /. 
amtraHs^  from  the  Cretaceous  of  Australia,  are  probably  closely  allied. 
The  former  is  in  some  respects  even  more  specialised  than  the  follow- 
ing genera.  The  species  referred  to  this  genus  from  the  Polar  regions 
are  considered  to  be  of  Triassic  age ;  and  a  species  from  Ceram  may 
be  from  Cretaceous  beds.    The  genus  is  unknown  in  America. 

The  most  specialised  representatives  of  the  family  are  the  genera 
OpthaJmosaurus,  from  the  Oxford  and  Kimeridge  Clay  and  probably 
also  the  Cretaceous  of  England,  and  Baptanodon  (Sauranodon\ 
from  the  Upper  Jurassic  of  North  America.  In  the  latter  teeth, 
and  even  a  dental  groove,  were  totally  wanting,  but  in  the  former 
small  teeth  were  present.     In  the  former  (and  probably  also  the 
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latter)  the  humerus  (fig.  1033)  and  femur  have  a  prominent  troch- 
anteric ridge,  and  in  both  they  articulate  distally  with  three  distinct 
bones  (figs.   1033-34),  which  in  the  pectoral  limb  are  correlated 
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Fig.  1031.— Ventral  aspect  of  the  right  pectoral  lirab  (wanting  the  marginal  rows)  of  Ichthyo- 
saurus tniermedius \  from  the  Lower  Lias  of  Gloucestershire.  Reduced.  7",  Radius;  /", 
Ulna ;  /,  Radiale ;  /,  Intermedium ;  /^  Ulnare ;  <rx,  C3,  Centralia.  (After  Hawkins  aod 
Hulke.) 

by  Dr  Baur  with  the  radius,  ulna,  and  pisiform;  the  correspond- 
ing bones  in  the  pelvic  limb  (fig.  1034)  being  the  tibia,  fibula,  and 
the  homologue  of  the  pisiform.  The  clavicles  differ  from  those  of 
Ichthyosaurus  in  being  separate.     Both  limbs  appear  to  have  been 
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of  great  width,  and  the  third  digit,  or  the  one  arising  from  the 
intermedium,  at  least  in  the  American  genus, 
consists   of  two   longitudinal   rows   of    bones. 
The  type   species   of   Opthalmosaurus  was   of 
moderate  size,  and  occurs  in  the  Oxford  and 
Kimeridge    Clays;   it   is   characterised   by  the 
inequality  in  the  size  of  the  three  distal  facets 
of  the  humerus.     In  O,  cantabrigiensiSy  of  the 
Cambridge    Greensand,   which  may  belong  to 
Baptanodon^  these  three  facets  have,  however, 
become  nearly  equal  in  size;   and   this  form 
seems  therefore  to  indicate  the  highest  evolu- 
tion of  the   order.     It   should   be   mentioned 
that  Professor  Marsh  and  Mr  Hulke  differ  from 
Dr  Baur  in    their  interpretation  of  the  three 
bones  of  the  second  segment  of  the  limb  of 
this  genus;   correlating  the  middle  bone  with 
the  intermediuDfi,  and  the  postaxial   one  with 
the  ulna  in  the  pectoral,  and  the  fibula  in  the 
pelvic  limb.     Finally,   it   should   be   observed 
that  a  femur,  from  the  Cambridge  Greensand, 
described  under  the  name  of  Cetarthrosaurus^ 
and  regarded  as  belonging  to  a  member  of  the  present  order,  but 
which  has  been  referred  by  Mr  Hulke  to  the  suborder  Pythono- 


Fiff.  1032. —Tooth  of 
Ichtkyosaums  commun- 
is; from  the  Lower  Lias 
of  Gloucestershire. 


FtE.  10^. — Dorsal  aspect  of  part  of  the  right  pectoral  limb  of  Opthalmosaurus  icenicus;  from 
the  OxfiDrd  Clay.  One-third  natural  size.  A,  Humerus  ;  a,  Trochanteric  ridge  of  do. ;  r,  Radius  ; 
«,  Una :  ^  Pixifbrm. 
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morpha  of  the  Squamata,  appears  to  approximate  in  structure  to 
the  femur  of  Ichthyosaurus  campy  iodofiy^nd  may  therefore  really 
belong  to  this  order. 

Order  V.  Proterosauria. — The  genus  Proterosaurus^  from  the 
Middle  Permian  of  Thuringia,  is  regarded  by  Professor  Seeley  as 
presenting  such  peculiar  features  that  it  is  entitled  to  ordinal  dis- 
tinction, although  Dr  Baur  would  include  it  in  the  Rhynchocephalia. 

The  skull  is  very  imperfectly 
known,  and  although  Professor 
Seeley  has  attempted  its  restora- 
tion. Professor  Credner  points 
out  that  the  specimens  scarcely 
justify  the  figure.  There  is  some 
doubt  as  to  the  mode  of  attach- 
ment of  the  teeth  to  the  jaws, 
but  they  appear  to  have  been 
anchylosed  to  the  bone,  with 
cavities  beneath  them,  and  were 
not,  as  has  been  supposed, 
implanted  in  distinct  alveoli. 
Teeth  also  occur  on  the  pala- 
tine, pterygoid,  and  vomer;  and 
Professor  Seeley  considers  that 
the  palate  was  closed.  The 
dorsal  vertebrae  are  amphicoel- 
ous,  and  have  no  intercentra; 
but  the  cervicals  appear  to  have 
been  opisthocoelous,  and  are  re- 
markable for  their  length.  There 
were  intercentra  in  the  anterior 
cervical  region.  In  all  the  ver- 
tebrae the  arches  were  anchylosed 
to  the  centra ;  while  in  the  dor- 
sals the  costal  articulation  is 
placed  unusually  high.  The 
posterior  caudal  vertebrae  have 
divided  neural  spines.  Abdom- 
inal ribs  were  fully  developed 
(^g,  1035),  and  were  apparently 
It  has  been  suggested  that  the 
ilium  may  have  had  a  preacetabular  production ;  but  the  pectoral 
girdle  seems  to  have  been  of  the  Rhynchocephalian  type,  the 
clavicles  and  interclavicle,  according  to  Dr  Credner,  closely  resem- 
bling those  of  Sphenodon, 

According  to  Dr  Baur  there  are  two  centralia  in  the  carpus; 


Fig.  1034.— Dorsal  aspect  of  the  left  pelvic 
limb  of  BafttanodoH  natans',  from  the  Upper 
Jurassic  of  North  America.  Reduced.  7", 
Tibia;   /,    Fibula;   /",    Bone  representing  the 

fisiform  of  the  manus  ;  /j  Tibiaie ;  c  (left  side), 
ntermedium  ;  c  (right  side),  Fibulare  ;  /.  Un- 
determined bone.  The  two  bones  beneath  the 
intermedium  are  the  centralia.  (After  Marsh 
and  Hulke.) 

of  the  Rhynchocephalian   type. 
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while  Professor  Seeley  describes  a  centrale  (navicular)  in  the  tarsus. 
The  pectoral  limb  is  considerably  shorter  than  the  pelvic  (left  side 
of  fig.  1035)  ;  and  while  both  have  five  digits,  neither  presents  any 
very  strongly  marked  divergence  from  the  Rhynchocephalian  plan 
of  structure.  In  the  type  species  there  were  the  normal  two  sacral 
vertebrae ;  but  according  to  Professor  Seeley,  P,  Linki  differs  from 
all  other  known  members  of  this  branch  in  having  three  sacrals. 
It  is  highly  probable  that  Proterosaurus  should  be  regarded  as  a 


Fi|t.  1035.— Part  of  ihe  trunk  antl  ptctoml  limb  of  PriHcri-^imurtu 
Sptntril  from  the  Permian  of  Thuringia-  Reduced.  ^Afier  von 
Mey«f,) 


Specialised  Rhynchocephalian.  The  imperfectly- 
known  genus  IlaftoduSy  from  the  Permian  of 
France,  may  not  improbably  indicate  a  Reptile 
more  or  less  nearly  allied  to  Proterosaurus^ 
although  on  the  other  hand  its  aflftnities  may  be 
with  the  Rhynchocephalian  Palaohatteria, 

Order  VI.  Rhvnchocephalia. — This  order 
is  represented  at  the  present  day  solely  by  the 
remarkable  genus  Sphenodon  {Hatteria\  and  may 
be  provisionally  characterised  as  follows :  The 
external  appearance  is  usually  more  or  less  lizard-like.  In  the  skull 
the  quadrate  is  immovably  fixed  by  its  proximal  extremity,  and 
unites  by  suture  with  the  pterygoid ;  an  inferior  temporal  arcade 
is  present  (fig.  1039);  the  postorbital,  at  least  in  Sphenodon^  is 
quite  distinct  from  the  postfrontal ;  the  palate  is  closed  anteriorly 
by  the  median  union  of  the  pterygoids,  which,  in  the  living  form 
at  least,  extend  forwards  to  meet  the  vomers,  and  thus  separate  the 
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palatines;^  and  the  premaxillae  never  united.  The  dentition  is 
usually  acrodont.  The  ribs  may  have  uncinate  processes,  and  ab- 
dominal ribs  are  always  developed.  The  vertebrae  may  be  either 
opisthocoelous  or  amphicoelous,  and  intercentra  may  be  retained. 

Dr  Baur  observes  that  "  the  Rhynchocephalia,  together  with  the 
Proterosauria,  to  which  they  are  closely  allied,  are  certainly  the 
most  generalised  group  of  all  Reptiles,  and  come  nearest,  in  many 
respects,  to  that  order  of  Reptiles  from  which  all  others  took  their 
origin." 

This  order,  if  we  include  Palaohatteria^  dates  from  the  Permian, 
but  only  comparatively  few  forms  are  at  present  known.  It  may 
be  provisionally  divided  into  three  suborders. 

Family  PALiEOHAXTERiiDiE. — The  genus  Fal(Bohatterta,  of  the 
Permian  of  Germany,  is  regarded  by  Professor  Credner,  its  describer, 
as  so  closely  allied  to  the  existing  Sphenodon  that  it  is  referred  by 
him  to  the  same  family.  There  can,  however,  be  no  question  but 
that  it  is  entitled  to  be  the  representative  of  a  distinct  family,  and 
probably  of  a  distinct  suborder.  Dr  Baur,  with  whom  Professor 
Cope  is  in  accord,  would  even  go  farther,  and  remove  this  genus 
altogether  from  the  Rhynchocephalia,  to  place  it  with  Mesosaurus 
in  his  order  Proganosauria.  There  is,  indeed,  much  to  be  said  in 
favour  of  placing  both  these  primitive  Reptiles  in  a  single  group ; 
but  this  appears  to  be  outweighed  by  the  resemblance  of  the  one  to 
the  true  Saurop!erygians  and  of  the  other  to  the  Rhynchocephalians. 

The  skull  much  resembles  that  of  Sphenodon^  the  jugal  dividing 
posteriorly  to  join  the  two  temporal  arcades;  but  the  supra-  and 
infratemporal  fossae  are  much  smaller,  while  there  is  a  separate 
lachrymal,  and  the  premaxillae  do  not  form  a  beak.  Teeth  occur 
not  only  on  the  palatines,  but  also  on  the  vomer  and  pterygoids,  as 
in  the  young  of  Sphenodon ;  and  Dr  Baur  suggests  that  there  was 
a  parasphenoid.  There  are.  intercentra  between  all  the  vertebrae, 
in  which  the  neural  arches  remain  distinct  from  the  centra ;  there 
are  also  two  sacral  vertebrae ;  and  the  ribs  have  no  uncinate  pro- 
cesses. The  teeth  of  the  jaws  were  acrodont,  and  anchylosed  to 
the  bone.  The  pectoral  girdle  presents  an  approximation,  in  the 
form  of  the  clavicles  and  interclavicle,  to  that  of  Sphenodon ;  but 
the  expanded  proximal  extremities  of  the  clavicles  recall  the  lateral 
thoracic  plates  of  the  Labyrinthodonts,  and  the  coracoid  is  more 
like  that  of  the  Sauropterygians.  This  bone,  indeed,  like  the  bones 
of  the  pelvic  girdle,  ossifies  by  radiations  from  the  centre  after  the 
manner  obtaining  in  Sauropterygians  and  Amphibians.  The  pelvic 
girdle  is  widely  different  from  that  of  Sphenodon ;  the  pubes  and 
ischia  forming  wide  flattened  plates  like  those  of  the  Sauropterygian 

^  The  same  arrangement  obtains  in  the  skull  of  Noihosaurus^  represented  in 
fig.  991. 
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genus  Mesosaurus^  and  the  ischia  being  almost  identical  with  those 
of  the  Amphibia.  The  tarsus  also  resembles  that  of  Mesosaurus  in 
having  five  distinct  bones  in  the  distal  row ;  while  the  humerus  (as 
in  the  latter)  has  an  entepicondylar,  or  ulnar,  foramen. 

That  Palaohatteria  is  a  primitive  type  connecting  the  later  Rhyn- 
chocephalia  with  the  Amphibia  there  can  be  no  reasonable  doubt ; 
and  although  it  presents  many  points  of  affinity  with  Mesosaurus^ 
these  resemblances  are  those  which  we  should  expect  to  find  in  all 
transitional  t^'pes,  and  do  not  necessarily  imply  that  all  the  forms  in 
which  they  occur  should  be  placed  in  the  same  group. 

Suborder  i.  SiMiCDOSAURiA. — ^This  group  is  represented  by  the 
genus  Champsosaurus^  typically  from  the  Lower  Eocene  of  North 
America,  which  may  be  regarded  as  a  somewhat  specialised  Rhyn- 
chocephalian,  showing  a  remarkable  affinity,  in  the  general  structure 
of  its  skull  and  vertebral  column,  to  Hyperodapcdon,  Dr  Baur  ob- 
serves that  this  genus  agrees  with  the  other  Rhynchocephalia  in  the 
loose  condition  of  the  otic  bones,  and  in  the  nature  of  the  costal 
articulations ;  and  since  it  has  a  fixed  quadrate,  two  temporal  ar- 
cades, and  abdominal  ribs,  there  appears  no  good  reason  for  its 
ordinal  separation.  The  adaptation  to  an  aquatic  life  has,  however, 
necessarily  produced  considerable  structural  modifications  of  secon- 
dary import.  The  correctness  of  these  observations  has  been  re- 
markably shown  by  the  researches  of  M.  Dollo,  who  finds  that  the 
structure  of  the  palate,  and  the  position  of  the  posterior  nares,  and 
the  general  arrangement  of  the  teeth,  closely  accords  with  that 
obtaining  in  Hyperodapcdon,  The  suborder  may  be  characterised 
as  follows :  The  facial  portion  of  the  skull  is  produced  into  a  long 
rostrum  ;  the  splenial  bone  enters  into  the  mandibular  symphysis ; 
the  tail  and  pelvic  limbs  are  elongated ;  the  vertebrae  are  amphi- 
coelous ;  and  the  ribs  have  no  uncinate  processes. 

Family  CHAMPSOSAURiDiE. — In  the  type  and  only  known  family 
the  nares  are  single  and  subterminal;  the  maxillary  and  anterior 
mandibular  teeth  are  large  and  not  fixed  to  the  bone ;  there  is  a 
series  of  smaller  teeth  on  the  palatines  and  vomers,  separated  by  a 
groove  from  those  of  the  maxilla ;  while  there  is  also  an  irregular 
mass  of  small  teeth  on  the  pterygoids,  which  are  completely  united 
in  the  middle  line ;  the  posterior  nares  form  very  narrow  slits  on 
the  sides  of  the  palate ;  and  there  is  no  parietal  foramen.  There 
are  some  twenty-five  presacral  vertebrae,  and  the  neuro-central  suture 
is  persistent.  Remains  referred  to  Ckampsosaurus  have  been  found 
not  only  in  the  Lower  Eocene  of  North  America,  but  also  in  the 
corresponding  horizon  of  Belgium  and  Rheims ;  the  latter  specimens 
having  been  described  under  the  name  of  Simadosaurus.  One  of 
the  specimens  from  Rheims  indicates  an  animal  of  about  nine  feet 
in  length,  but  other  examples  appear  to  have  been  of  considerably 
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larger  dimensions.  The  Simaedosauria  may  perhaps  be  regarded  as 
an  offshoot  from  a  stock  related  to  Hyperodapedon. 

Suborder  2.  Sphenodontina. — This  group  is  characterised  by 
the  short  and  more  or  less  triangular  skull,  in  which  the  premaxillas 
are  produced  into  a  distinct  beak;  by  the  longitudinal  series  of 
palatine  teeth,  separated  by  a  groove  (into  which  the  hinder  mandi- 
bular teeth  are  received)  from  those  of  the  maxilla  (fig.  1037)  \  and 
by  the  presence  of  uncinate  processes  to  the  ribs. 

Family  RHYNCHOSAURiDiE. — This  is  the  most  specialised  family, 
and  as  being  most  nearly  related  to  Champsosaurus^  may  be  noticed 
first.  The  nares  are  single ;  there  are  no  teeth  either  in  the  beak 
or  in  the  opposing  part  of  the  mandible,  which  were  probably  cased 
in  horn ;  there  may  be  more  than  a  single  row  of  palatine  teeth ; 
and  the  presacral  vertebrae  may  be  more  or  less  opisthocoelous. 


Fig.  X036. — Left  lateral  view  of  the  skull  of  Hyperodapedon  Gordoni^  as  restored  by  Professor 
Huxley ;  from  the  Trias  of  Elgin.    Recuiced.    Or^  Orbit ;  /,  Infratemporal  fossa. 

The  most  specialised  genus  Hyperodapedon  was  originally  made 
known  to  us  by  some  very  imperfect  specimens  from  the  Keuper 
or  Upper  Trias  of  Elgin  and  Warwickshire;  but  the  subsequent 
discovery  of  a  nearly  entire  skeleton  in  the  former  locality  has 
enabled  Professor  Huxley  to  illustrate  its  full  affinities.  Remains 
referred  to  the  same  genus  also  occur  in  the  Maleri  stage  of  the 
Gondwana  system  of  Central  India.  The  European  species  attained 
a  length  of  from  six  to  seven  feet,  but  the  Indian  form  must  have 
been  nearly  or  quite  double  these  dimensions.  The  skull  (fig.  1036) 
is  remarkable  for  its  depressed  and  triangular  form,  in  which  it  re- 
sembles that  of  the  Chelonian  family  Cheiydrida ;  and  also  for  the 
upward  direction  of  the  small  orbits ;  the  reduced  size  of  the  infira- 
temporal  fossae ;  the  strongly-curved  and  thick  premaxillary  beak ; 
the  diverging  clawlike  processes  of  the  mandibular  symphysis ;  and 
the  absence  of  a  parietal  foramen.  Professor  Huxley  considered  that 
the  forked  extremities  of  the  mandibular  symphysis  embraced  the 
premaxillary  beak,  as  is  shown  in  the  figure ;  but  later  observations 
indicate  that  they  were  received  in  a  pit  beneath  the  beak,  which  Pro- 
fessor Huxley  regarded  as  containing  the  apertures  of  the  posterior 
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nares.  The  latter  probably  really  formed  very  small  slits  on  the  sides 
of  the  palate,  as  in  Champsosaurus^  and  opened  between  the  rows  of 
maxillary  and  palatine  teeth.  By  far  the  most  remarkable  feature 
is,  however,  to  be  found  in  the  upper  den- 
tition. On  the  palatal  surface  of  the  pecu- 
liar triangular  compound  bone  (fig.  1037), 
which  may  be  conveniently  termed  the 
palato-maxilla,  although  anteriorly  it  prob- 
ably includes  the  vomer,  and  posteriorly 
part  of  the  pterygoid,  there  are,  on  the 
outer  or  maxillary  side,  several  rows  of 
low  pyramidal  teeth;  then  comes  the 
groove  for  the  reception  of  the  edge  of 
the  mandible,  on  the  inner  side  of  which 
there  are  two  or  more  rows  of  similar  teeth 
borne  by  the  palatine  and  vomer,  and  prob- 
ably also  by  the  pterygoid.  And  it  is  in- 
teresting to  notice  that  while  in  the  type 
species  the  larger  number  of  rows  of  teeth 
occurs  on  the  palatine  and  vomer,  the  re- 
verse condition  obtains  in  the  Indian  form 
(fig-  1037)-  In  the  type  species  there 
appears  to  be  no  foramen  to  the  humerus, 
and  the  presacral  vertebrae  are  slightly 
opisthocoelous ;  it  is,  however,  not  improb- 
able that  the  vertebrae  of  the  Indian  form 

were  amphicoelous.  The  extremely  solid  structure  of  the  palato- 
maxilla  causes  this  part  to  be  the  most  frequently  preserved  j  and 
these  bones  are  very  common  in  the  Indian  Gondwanas. 


^  Fig.  1037.— Oral  surface  of  the 
right  palatomaxilla  of  Hypero- 
da^dim  Huxleyi;  from  the  Ma- 
len  stage  of  Central  India.  (After 
Medlicott  and  Blanford.) 


Professor  Huxley  observes  that  it  is  very  interesting  to  note  that  this 
suborder  had  attained  its  greatest  degree  of  specialisation  as  early  as  the 
Trias ;  Hyperodapedon  being  in  all 
respects  a  more  modified  form  than 
Sphtnodon,  It  appears  therefore  to  be 
probable  that  in  the  Permiah,  or  per- 
naps  still  earlier,  there  must  have  ex- 
isted Lizards  differing  less  from  the 
existing  genus  than  either  Hyperoda- 
P€€U}n  or  Rhynchosaurus, 


Fig.  1038. — Right  lateral  aspect  of  the 
skull  of  Rhynchosaurus  articeps;  from 
the  Trias  of  Warwickshire.  Reduced. 
(After  Owen.) 


In  the  typical  genus  Rhynchosau- 
rus^ from  the  English  Keuper,  of 
which  the  type  skull  is  represented 
in  fig.  1038,  there  is  but  a  single  row  of  palatine  teeth ;  the  orbit 
is  large  and  lateral ;  the  infratemporal  fossa  of  considerable  size ; 
and  the  premaxillary  beak  long  and  slender,  its  form  being  not 
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Fig.  X039. — Right  lateral  view  of  the  cranium  oi  Spkgnod<m 
punctatus^  of  New  Zealand.    (After  GQnther.) 


correctly  shown  in  the  figure  of  the  type  skull.  The  single  de- 
scribed species  indicates  an  animal  about  three  feet  in  length. 
This  genus  serves  in  some  respects  to  connect  Hyperodapedon  with 
Sphenodon, 

Family  SPHENODONTiDyE. — ^The  least  specialised  family  of  this 
suborder  is  solely  known  by  the  existing  New  Zealand  genus 
Sphenodon  {Hatteria\  of  which  the  cranium  is  shown  in  hg,  1039. 
According  to  Professor  Huxley's  definition,  this  genus  is  character- 
ised by  the  divided  nares ;  the  presence  of  a  single  tooth  on  either 

side  of  the  premaxillary 
beak,  which  was  not 
sheathed  in  horn  ;  by 
the  single  row  of  pal- 
atine teeth ;  and  the 
amphicoelous  vertebrae. 
In  the  palate  the  ptery- 
goids unite  anteriorly 
with  the  vomer  to 
exclude  the  palatines 
from  the  median  line. 
Additional  distinctive 
features  are  found  in  the  presence  of  intercentra  between  all  the 
vertebrae ;  in  the  large  size  and  the  lateral  position  of  the  orbits ; 
the  well-developed  parietal  foramen  ;  and  the  large  size  of  the  supra- 
and  infratemporal  fossae  (fig.  1039).  The  humerus  is  remarkable 
as  having  both  an  entepicondylar  and  an  ectepicondylar  foramen. 

The  Tuataras,  as  these  lizards  are  called  by  the  Maories,  are  medium- 
sized  reptiles  of  extreme  rarity,  aod  with  nocturnal  habits.  The  alveolar 
border  of  the  dentary  bone  of  the  mandible  is  received  in  the  groove 
between  the  palatine  and  maxillary  teeth,  and  in  old  individuals  b«:omes 
as  hard  and  polished  as  the  teeth  themselves,  of  which  it  eventually  dis- 
charges the  lunctions. 

Suborder  3.  HoMiEOSAURiA.  —  This  group  includes  several 
genera  of  Mesozoic  Reptiles,  in  which  the  premaxillae  did  not 
apparently  form  a  beak,  and  the  ribs  were  devoid  of  uncinate 
processes.  The  dentition  is  acrodont;  but  the  nature  of  the 
palatal  dentition  is  unknown.  The  vertebrae  are  amphicoelous, 
and  Dr  Baur  considers  that  intercentra  were  present. 

Family  HoM^osAURiDiE. — ^The  type  family  is  definitely  known 
from  the  Kimeridgian  Lithographic  slates  of  the  Continent,  and  is 
characterised  as  follows.  The  body  is  shaped  like  that  of  ordinary 
Lizards ;  the  skull  is  comparatively  broad  and  short,  with  oval  nares, 
and  a  complete  postorbital  bar ;  there  are  no  tusk-like  teeth  in  the 
premaxillae  or  mandible ;  and  the  pes  is  of  normal  structure.     The 
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Kimeridgian  genera  are  HonuBosaurus,  Ardeosaurus^  and  Sapkeo- 
saurus  ;  all  of  which  are  represented  by  species  of  small  or  medium 
size.  The  imperfectly  known  Aphelosaurus^  from  the  Permian  of 
France,  was  regarded  by  the  late  Professor  Gervais  as  allied,  but  it 
may  indicate  a  distinct  family,  which  does  not  belong  to  this  group  ; 
the  number  of  phalangeals  is  the  same  as  in  existing  Lizards. 

Family  PLEUROSAURiDiE. — This  family  is  typically  represented 
by  PkurosauruSy  of  the  Kimeridgian  of  Bavaria,  which  is  a  medium- 
sized  Lizard  characterised  by  the  extreme  elongation  of  the  body 
(in  which  there  are  a  great  number  of  presacral  vertebrae),  and  the 
long  narrow  skull,  with  slit-like  nares.  Anguisaurus  and  Aero- 
sauruSy  of  the  same  deposits,  belong  to  this  family;  but  it  does 
not  appear  certain  that  they  are  really  distinct  from  the  type 
genus. 

Family  Telerpetid^. — The  small  Tekrpeton^  of  the  Upper 
Trias  of  Elgin,  differs  from  the  HomaosauridcB  by  the  presence 
of  tusk-like  teeth  at  the  extremities  of  both  jaws,  and  the  reduction 
in  the  number  of  the  phalangeals  of  the  fifth  digit  of  the  pes  to 
two  j  in  addition  to  which  Professor  Huxley  considers  that  the  skull 
had  no  postorbital  bar.  The  one  species  is  of  small  size;  and 
although  the  genus  agrees  with  the  Homaosaurida  in  its  acrodont 
dentition,  its  serial  position  must  be  regarded  as  provisional. 
Saurostemum^  from  the  Karoo  system  of  South  Africa,  is  not  im- 
probably an  allied  genus ;  although  it  has  been  referred  by  Sir  R. 
Owen  to  the  Amphibian  Labyrinthodonts  under  the  name  of 
Batrachosaurus. 

Finally,  it  should  be  mentioned  that  Professor  Cope  includes  in 
the  present  order  the  genera  Typothorax  and  Aetosaurus^  which  are 
here  provisionally  placed,  on  the  authority  of  Dr  Baur,  among  the 
Crocodilia. 

Order  VII.  Squamata. — With  this  order  we  come  to  the  con- 
sideration of  the  one  represented  most  numerously  at  the  present 
day,  and  containing  the  true  Lizards,  the  Chamaeleons,  the  extinct 
Mosasaurians,  and  the  Serpents.  In  this  order  the  body  may  be 
either  short,  with  well-developed  limbs  and  distinct  tail  (lacerti- 
form) ;  or  it  may  be  extremely  elongated,  without  any  external  trace 
of  limbs,  and  passing  gradually  into  the  tail.  As  a  rule,  the  whole 
body  and  limbs  are  covered  with  overlapping  homy  scales;  and 
these  may  be  underlain  by  an  armour  of  bony  dermal  scutes.  The 
limbs  may  be  adapted  either  for  walking  on  land,  or  modified  into 
paddles  for  swimming.  In  the  skull  the  proximal  end  of  the  quad- 
rate \&  more  or  less  movably  articulated ;  the  lower  temporal  arcade 
is  wanting ;  the  postorbital  is  generally  fused  with  the  postfrontal ; 
the  palate  is  more  or  less  open,  the  pterygoids  being  nearly  always 
separated  by  an  interval  from  one  another ;  and  the  premaxillae  are 
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frequently  united.  The  vertebrae  are  generally  procoelous,  although 
rarely  amphicoelous ;  their  neurocentral  suture  is  always  obliterated; 
zygosphenal  articulations  may  or  may  not  be  present;  and  inter- 
centra  are  always  wanting.  The  dorsal  ribs  never  have  uncinate 
processes;  and  true  abdominal  ribs  are 
likewise  never  developed.  The  carpus 
has  but  a  single  centrale;  and  the  pre- 
coracoidal  process  (fig.  1040)  is  often  well 
marked. 

Three  of  the  groups  here  regarded  as 
suborders  of  the  Squamata  are  frequently 
ranked  as  distinct  orders,  but  their  mutual 
relations  are  so  close  that  it  appears  to 
harmonise  better  with  the  classification, 
adopted  in  other  branches  of  the  class,  to 
include  the  whole  of  them  in  a  single 
order.  The  Squamata  may  be  regarded 
_  xo4o.--P«u-t  of  the  left  as  occupying  a  position  among  Reptiles 
SSpuia;^if.i,°M«oSrpuU;  somewhat  similar  to  that  held  by  the 
foii;  ^SS^^Nie^^^owl/™:  Teleostei  among  Fishes,  and  the  Passeres 
Foramen ;  r/,  Glenoid  cavity.  among  Birds.  That  is  to  Say,  they  are 
essentially  typical  Reptiles,  which  have 
attained  to  a  considerable  degree  of  specialisation ;  and  while  they 
have  lost,  on  the  one  hand,  all  signs  of  kinship  with  the  Amphibians, 
they  exhibit,  on  the  other,  no  traces  of  especial  relationship  with  the 
Birds.  That  this  order  has  originated  from  the  Rhynchocephalia 
there  seems  but  little  doubt ;  but  we  are  very  much  in  the  dark  as 
to  when  or  how  the  divergence  took  place. 

Suborder  i.  Lacertilia. — In  the  true  Lizards  the  four  limbs 
are  usually  well  developed  (fig.  1041)  but  in  some  cases  one  or  both 
pairs  are  wanting.  The  ali-  and  orbitosphenoidal  regions  of  the 
skull  are  imperfectly  ossified ;  the  superior  temporal  arcade  is 
generally  present ;  the  quadrate  articulates  with  the  pterygoid ; 
the  nasals  form  a  part  of  the  narial  aperture ;  and  the  rami  of  the 
mandible  unite  by  suture.  The  vertebrae  are  in  some  instances 
amphicoelous ;  they  usually  have  no  zygosphenes,  and  the  number 
in  the  cervical  region  does  not  exceed  nine.  When  limbs  are 
present  the  pectoral  girdle  is  complete ;  and  the  terminal  phalan- 
geals of  the  feet  are  clawed.  Dermal  scutes  are  sometimes  present ; 
and  these  may  be  developed  on  the  upper  surface  of  the  skull,  so 
as  to  roof  over  the  supratemporal  fossae.  Existing  Lizards  are 
divided  into  twenty  families,  but  only  those  will  be  noticed  which 
occur  in  the  fossil  state. 

We  may  commence  our  notice  with  a  few  Mesozoic  forms,  of 
which  the  family  position  is  not  yet  determined.      The  earliest 
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known  form  appears  to  be  Macellodus  (with  which  Saurillus  is 
either  identical  or  very  closely  allied),  from  the  English  Purbeck ; 
a  small  Lizard  with  pleurodont  dentition,  dermal  scutes,  and  pro- 
ccelous  vertebrae.  Adriosaurus  is  a  larger  form  from  the  Lower  Green- 
sand  of  Austria,  also  having  dermal  scutes  and  procoelous  vertebrae, 
but  of  which  the  dentition  is  unknown.  An  allied  Continental 
Mesozoic  form  has  received  the  name  of  Hydrosaurus^  which  is, 
however,  a  synonym  of  Varanus,  In  the  Cambridge  Greensand 
an  imperfect  femur  and  a  vertebra  indicate  a  Lizard  of  the  size  of 
some  of  the  existing  Monitors,  but  of  which  the  affinity  cannot  even 


Fig.  X04X. — The  common  Skink  {Scincus  officinalu^    Reduced. 

be  conjectured.  In  the  English  Chalk  occur  the  imperfectly  known 
genera  Coniasaurus  and  RapMosaurus ;  the  former  having  expanded, 
and  the  latter  acute  teeth. 

Here  also  may  be  mentioned  several  genera  from  the  Tertiaries 
of  North  America,  of  which  the  family  position  cannot  yet  be  de- 
termined. The  Eocene  forms  have  been  named  Tinosaurus  and 
ThinosauruSy  and  those  from  the  Miocene  Aciprion^  PlatyrhachiSy 
and  Cremastosaurus.  Notosaurus^  from  the  Tertiary  of  Brazil,  has 
amphicoelous  vertebrae,  and  may  be  a  Rhynchocephalian. 

Family  AcAMiDiE. — The  Agamoid  Lizards  constitute  a  large 
family,  mainly  characteristic  of  Asia,  but  also  occurring  in  Europe, 
Africa,  Australia,  and  Polynesia.  The  supratemporal  fossa  is  not 
roofed  over;  the  dentition  is  acrodont;  and  the  premaxillae  are 
separate.  Specimens  referred  to  the  type  genus  Agama  have  been 
obtained  from  the  Upper  Eocene  Phosphorites  of  Central  France ; 
while  the  Pleistocene  of  Australia  has  yielded  a  skull  indistinguish- 
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able  from  that  of  the  existing  Frilled  Lizard  {Chlamydosaurus  Kingi) 

of  the  same  country. 

Family  louANiDiE. — ^The  Iguanoids  are  readily  distinguished  from 

the  Agamida  by  their 
pleurodont  dentition 
{hg.  1042),  and  the 
presence  of  zygosphen- 
al  articulations  to  their 
vertebrae    (fig.    1043). 

Fig.  104a.— Inner  view  of  left  ramus  of  the  mandible  of         Nearly     all    the    CenCXa 

are  now  confined  to 
the  New  World.  In  the  Upper  Eocene  (Oligocene)  Phosphorites  of 
Central  France  there  occur,  however,  fragments  of  jaws  which  have 

been  referred  to  the  typical  American 

?c    A         i^:^^        genus  Iguana;  that  term  being  used 
JS^^^^^%         ^^  ^  wider  sense  than  in  recent  herpet- 
TJ^f"  <^^Kii&         ology-      Vertebrae   also   occur   in  the 
approximately   equivalent    deposits  of 
Fig.  1043.  — Vertebra  of  iffuana  Hordwell  in  Hampshire  (of  which  one 

turopaa^  viewed  from  the  haemal,  an-  j  •      /•  \        i  •   i 

tenor,  and   lateral  aspects;  from  the    IS  represented  m  fig.  IO43),  whlCh  agree 

S£?he^c?Kltii^iS-cie!'  "'  ^^"  in  the  presence  of  small  zygosphenes 

with  those  of  existing  Iguanas,  and 
have  been  provisionally  referred  to  the  French  species.  The  name 
Iguanavus  has  been  applied  to  remains  of  a  member  of  this  family 
from  the  Eocene  of  North  America. 

Family  AnguidjE. — The  Anguida  are  characterised  by  the  pres- 
ence of  scutes  roofing  over  the  supratemporal  fossae ;  by  the  separa- 
tion of  the  premaxillae  and  the  nasals ;  the  more  or  less  completely 
pleurodont  dentition;  and  the  presence  of  dermal  scutes  covered 
with  minute  tubercles.  The  genus  Ophisaurus  (Pseudopus\  in  which 
the  limbs  are  either  wanting  or  are  reduced  to  rudiments  of  the  pelvic 
pair,  is  represented  in  the  Middle  Miocene  of  Gers,  in  France,  and 
the  Lower  Miocene  of  Rott,  near  Bonn  ;  some  of  the  species  having 
been  originally  described  under  the  name  of  Anguis,  Propseudofus^ 
from  the  Middle  Miocene  of  Steinheim,  in  Bavaria,  is  distinguished 
from  Ophisaurus  by  its  stronger  dentition  and  the  presence  of  a 
double  row  of  teeth  on  the  vomer.  The  genus  Peltosaurus  and  the 
allied  Exostinus^  of  the  Miocene  of  North  America,  may  be  included 
in  this  family ;  to  which  we  may  also  refer  several  European  and 
American  Upper  Eocene  genera  which  have  been  regarded  as  con- 
stituting a  distinct  family  under  the  names  of  Placosaurida  and 
Glyptosauridce.  Among  these  Placosaurus  (Palaovaranus\  from 
the  Upper  Eocene  of  France  and  England,  has  teeth  resembling 
those  of  the  Slow-worm  (Anguis),  which  were  originally  regarded  as 
belonging  to  a  Varanoid;  the  vertebrae  (fig.  1044)  are  not  unlike 
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those  of  the  existing  Diploglossus,  and  the  limbs  were  well  de- 
veloped. Another  Anguoid,  with  blunt  cylindrical  teeth,  from  the 
Quercy  Phosphorites,  was  originally  referred  to  the  Scincoid  genus 
Eumeces  (Plestiodon\  but  its  generic  position  must  for  the  present 
remain  undecided.  In  North 
America  we  have  Glyptosau- 
ms,  ftx)m  the  Bridger  Eocene 
of  Wyoming,  in  which  the 
vertebrae  have  rudimental 
zygosphenes;    the   large   Sa- 

niva,     of     which     the     dermal  ^ig.   i044.-Vcrlcbra  of  Piacosaurus  mar^ntu 

scutes     are      unknown  :      and  ^*^*  viewed  from  the  hsemal,  anterior,  and  lateral 

I                           1         If     1     x^     .  aspects;  from  the  Upper  Eocene  Phosphorites  of 

the   apparently  allied   XeStOpS  Central  France,    c,  Costal  tubercle. 

(preosaurus).     The  vertebrae 

of  these  genera,  like  those  of  existing  Anguida,  present  a  strong 
resemblance  to  those  of  the  next  family,  as  may  be  seen  by  com- 
paring fig.  1044  with  fig.  1045. 

Family  VARANiDiE. — ^The  Monitors  include  the  largest  known 
Lizards ;  one  of  the  fossil  species  attaining  a  gigantic  size.  They 
are  confined  to  the  Old  World  and  Australia;  and  appear  to  be 
unknown  before  the  Pliocene.  The  skull  has  no  postorbital  bar ; 
the  supratemporal  fossae  are  not  roofed  over  by  bony  scutes ;  and 
both  the  premaxillae  and  the  nasals  are  united.  The  dentition  is 
pleurodont ;  and  the  teeth  are  large  and  pointed,  and  confined  to 
the  jaws.  The  vertebrae  are  characterised  by  their  broad  and  flat 
centra  (fig.  1045);  ^^^  dermal  scutes  are  wanting.  All  the  known 
forms  may  be  included  in  the  single  genus  Varanus, 

In  existing  forms  the  dorsal  vertebrae  are  elongated,  and  have  broad 
neural  spines  ;  and  the  largest  species  attains  a  length  of  seven  feet.  In 
a  fossil  state  this  group  is  represented 
by  remains  from  the  Pleistocene  of  Ma- 
dras apparently  referable  to  the  living 
V.  bengalensis.  Other  vertebrae,  again, 
found  in  the  corresponding  cave-de- 
posits of  Queensland,  not  improbably 
belon^^  to  one  or  more  of  the  species 
still  mhabiting  that  region.  In  a 
second  and  extinct  group  the  dorsal 
vertebrae  are  relatively  shorter  and 
wider,  and  have  narrower  neural  spines ; 
the  two  known  species  being  of  very 
large  size.  The  smaller  of  the  two  is 
V.  nvalensts,  from  the  Pliocene  of  the 
Siwalik  Hills  of  India,  of  which  a  dor- 
sal vertebra  is  shown  in  fig.  1045.  Another  vertebra  is,  however,  larger 
than  the  figured  specimen  ;  and  the  total  length  of  the  animal  was  prob- 
ably at  least  twelve  feet.  These  dimensions  were,  however,  greatly  ex- 
ceeded by  the  huge  V.  priscusy  of  the  Pleistocene  of  Australia,  in  which 


Fig.  X045.— Haemal  aspect  of  a  dorsal 
vertebra  of  yaranut  tiva/efufs  ;  from  the 
Pliocene  of  the  Siwalik  Hills. 
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the  vertebrae  are  three  times  the  size  of  those  of  V,  siva/ensis,  and  the 
total  length  did  not  probably  fall  short  of  thirty  feet.  This  species  was 
originally  described  by  Sir  R.  Owen  under  the  name  oi  Megalama;  cer- 
tain remains  which  were  referred  to  it  having  subsequently  proved  to 
be  Chelonian.  An  imperfectly  known  species,  from  the  Lower  Pliocene 
of  Attica,  may  perhaps  belong  to  the  former  group. 

It  may  be  well  to  mention  here  that  Sir  R.  Owen  has  described 
two  peculiar  blunt  and  pleurodont  teeth  of  a  large  lizard  from  the 
Pleistocene  of  Queensland  under  the  name  of  Notiosaurus^  which 
is,  however,  preoccupied  by  the  genus  Notosaurus  (p.  1139).  It  is 
just  possible  that  these  teeth  may  be  referable  to  Varanus  priscus^ 
in  which  event  the  generic  term  Megaiania  would  have  to  be  re- 
tained for  that  form. 

Family  TEiiDiE. — In  this  family,  which  is  confined  to  America, 
the  supratemporal  fossse  of  the  skull  are  not  roofed  over,  the  denti- 
tion is  pleurodont  or  subacrodont ;  the  teeth,  although  variable  in 
form,  are  always  solid  at  the  base ;  and  there  are  no  dermal  scutes. 
An  existing  species  of  Tupinambis  is  represented  in  the  Pleistocene 
cave-deposits  of  Brazil. 

Family  LACERXiDiE. — In  the  Lacertida  the  supratemporal  foss» 
are  roofed  over  by  bone ;  the  premaxillae  are  united ;  the  dentition 
is  pleurodont,  the  bases  of  the  teeth  being  hollow ;  and  there  are  no 
dermal  scutes.  All  the  genera  belong  to  the  Old  World.  Remains 
of  the  existing  Lacerta  ocellata  occur  in  the  Pleistocene  of  France, 
and  extinct  species  referred  to  the  same  genus  have  been  described 
from  the  Miocene  and  the  Upper  Eocene  Phosphorites  of  the  same 
country. 

Family  SciNCiDiB. — ^The  Scincoid  Lizards  form  a  large  cosmo- 
politan family,  characterised  by  the  bony  scutes  roofing  over  the 
supratemporal  fossae ;  the  separate  or  imperfectly  united  premaxillae ; 
the  pleurodont  dentition  ;  and  the  presence  of  dermal  scutes.  Dra- 
canosaurusy  of  the  Lower  Miocene  of  France,  is  an  extinct  genus 
with  molariform  teeth,  probably  allied  to  the  existing  Scincus  {fig, 
1 041)  or  Chalcides, 

Suborder  2.  Rhiptoglossa. — The  ChameieonHda^  or  Chame- 
leons, differ  from  the  Lacertilia  in  that  the  nasals  do  not  enter  into 
the  borders  of  the  nares ;  the  pterygoid  does  not  articulate  with  the 
quadrate ;  and,  although  limbs  are  present,  there  are  no  clavicles  or 
interclavicle.  The  dentition  is  acrodont.  All  the  existing  forms 
are  Old  World ;  but  Dr  Leidy  has  described  part  of  a  mandible 
from  the  Upper  (Bridger)  Eocene  of  Wyoming,  which  he  refers  to 
the  type  genus  Chameleon, 

Suborder  3.  Dolichosauria. — This  group  was  originally  formed 
for  the  reception  of  the  genus  Dolichosaurus^  from  the  English 
Chalk;  which  is  a  small  snake-like  Lizard,  with  more  than  nine 
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vertebrae  in  the  neck,  and  well-developed  limbs.  The  vertebrae 
have  zygosphenal  articulations.  Acteosaurus^  from  the  Cretaceous 
of  Austria,  is  an  allied  form. 

Suborder  4.  Pvthonomorpha. — The  Mosasauroids  are  car- 
nivorous marine  Reptiles,  frequently  of  large  dimensions,  and 
ranging  in  time  from  the  Upper  Greensand  to  the  topmost  Creta- 
ceous, with  a  cosmopolitan  distribution.  The  body  is  much  elon- 
gated. The  skull  (fig.  1047)  presents  a  strong  resemblance  to  that 
of  the  Varanida  among  the  Lacertilia,  and  has  the  nasals  and  pre- 
maxillae  welded  together,  the  quadrates 
very  loosely  articulated,  teeth  on  the 
pterygoids  as  well  as  in  the  jaws,  and 
frequently  ossifications  in  the  sclerotic 
of  the  eye.  The  teeth  are  large  and 
sharp,  and  anchylosed  by  expanded 
bases  to  the  summits  of  the  jaws. 
There  may  be  zygosphenal  articulations 
to  the  vertebrae,  and  the  cervical  region 
may  include  more  than  nine  vertebrae. 
The  clavicles  are  always,  and  the  inter- 
clavicle  and  sacrum  generally,  wanting ; 
but  Prof<Ksor  Marsh  figures  a  sternum 
in  one  genus.  The  limbs  are  modified 
into  paddles  (fig.  1046),  with  no  claws  to 
the  terminal  phalangeals,  and  no  fora- 
men to  the  humerus.  The  development 
of  the  pelvis  is,  moreover,  but  imperfect, 
and  at  least  the  majority  of  forms  appear 
to  have  been  devoid  of  dermal  scutes, 
although  Professor  Marsh  has  recorded 
their  presence  in  one  genus. 

Family  PLioPLAXYCARPiDiE.  —  The 
least  specialised  form  seems  to  be  the 
genus  PlioplatycarpuSy  of  the  Upper  Cre- 
taceous of  Holland,  in  which  both  an  interclavicle  and  a  sacrum 
are  present ;  on  which  account  its  describer,  M.  Dollo,  regards  it 
as  the  type  of  a  distinct  family. 

Family  MosASAURiDiE. — The  whole  of  the  remaining  genera  of 
the  suborder  tnay  be  included  in  this  family.  One  of  the  well- 
known  genera  is  Clidastes  (from  which  Edestosaurus  is  regarded 
by  Professor  Cope  as  inseparable),  from  the  Cretaceous  of  North 
America.  This  genus  comprises  numerous  species,  characterised 
by  the  extreme  elongation  of  the  body,  and  their  small  or  medium 
size.  In  the  skull  the  teeth,  as  in  the  next  genus  (fig.  1047)  are 
continued  to  the  extremity  of  the  premaxillae;  the  vertebrae  are 
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1046. — Right  pectoral  limb 
Flatycar^us;  from  the  Creta> 
IS  of  North  America.  One- 
twelfth  natural  size,  a,  Scapula; 
bf  Coracoid;  c^  Humerus;  d.  Ra- 
dius ;  e.  Ulna.    (After  Marsh.) 
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long,  and  have  zygosphenal  articulations;  the  humeras  is  short; 
and  the  chevrons  are  anchylosed  to  the  centra.  Sironectes  is  an 
allied  genus  from  the  same  deposits,  in  which  the  chevrons  are  not 
anchylosed  to  the  vertebrae.  Platycarpus^  {Lestosaurus,  Taniwha- 
saurus\  which  is  found  in  the  Cretaceous  of  North  America,  New 
Zealand,  and  perhaps  Europe,   differs   from   both   the  preceding 


Fig.  X047. — Frontal  aspect  ot  the  cranium  of  Platycar^us  curiirvitrit ;  from  die  Upper  Cre- 
taceous of  North  America.  Greatly  reduced,  /iwjt,  Premaxilla ;  mjt,  Maxilla ;  yr.  Frontal ; 
/r/t  Prefrontal.    (After  Cope.) 

genera  by  the  absence  of  zygosphenes ;  the  chevrons  being  free 
and  the  humerus  (fig.  1046)  short  and  broad.  With  the  genus 
Ziodon,  in  which  Professor  Cope  includes  Tylosaurus  {Rhino- 
saurus)  of  Professor  Marsh,  we  come  upon  forms  attaining  gigantic 
dimensions,  in  which  the  body  is  proportionately  shorter  than 
in  the  above-mentioned  genera,  and  the  vertebrae  are  always 
without  zygosphenes.  In  Liodon  itself  the  extremity  of  the  pre- 
maxillae  is  devoid  of  teeth,  and  forms  a  cylindrical  rostrum ;  the 
teeth  are  smooth  and  more  or  less  laterally  compressed ;  the  hu- 
merus is  long ;  and  the  chevrons  are  free.  It  occurs  in  the  Creta- 
ceous of  Europe,  North  America,  and  New  Zealand.  Hainosaurus^ 
again,  of  the  Upper  Chalk  of  Mons,  agrees  with  Liodon  in  its  eden- 
tulous rostrum  and  free  chevrons,  but  has  teeth  of  three  typ)es- 
Some  of  the  teeth  are  subcylindrical,  and  others  compressed,  with 
serrated  cutting  edges  like  those  of  Megalosaurus,  The  total  length 
of  this  huge  Reptile  is  estimated  at  about  40  feet  The  typical 
genus  Mosasaurus  is  definitely  known  from  the  topmost  Cretaceous 
of  Maastricht  in  Holland,  and  the  Cretaceous  of  North  America ; 
the  type  species  from  Maastricht  having  been  made  known  to 
science  in  the  last  century.  It  is  characterised  by  the  premaxillae 
being  toothed  to  their  extremity ;  by  the  teeth  having  their  crowns 
faceted  and  more  or  less  compressed;  as  well  as  by  the  greater 
number  of  the  chevrons  being  anchylosed  to  the  vertebrae.  The 
fine  skull  of  M,  Camperi  represented  in  the  accompanying  woodcut 
was  obtained  from  Maastricht  previously  to  1785,  and  is  preserved 
*  Amended  from  PkUecarptis, 
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in  the  Paris  Museum,  This  species  is  estimated  to  have  attained  a 
length  of  25  feet  Closely  allied  to  Mosasaurus  is  PterycollasauruSy 
which  is,  however,  readily  distinguished  by  the  complete  union  of 
the  pterygoids  in  the  middle  line — a  feature  unknown  elsewhere 


Fif.  loiBb— The  imperfect  skull  of  Moatuanrus  Cam^eri;  from  the  Upper  Cretaceous  of 
Maastricht.  Much  reduced.  The  dbpUced  bone  in  the  left  bottom  comer  is  the  left  pterygoid, 
the  conespooding  bone  of  the  opposite  side  being  in  iu  natural  position  above. 


in  the  whole  order.  The  only  known  species  is  P.  Maximiiiani^ 
of  the  Cretaceous  of  Brazil.  Finally,  the  genus  Baptosaurus^  of  the 
Cretaceous  of  North  America,  is  distinguished  from  all  other  genera 
by  the  complete  union  of  the  haemal  spines  of  the  cervical  vertebrae 
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Pic.  1049.— Left  lateral  and  upper  view  of  the  skull  of  B0€u  pmx^  Premaxilla ;  i««,  Nasal ; 
/r.  Prefrontal ;  /9',  Frontal ;  >»,  Postfrontal ;  /a.  Parietal ;  /c,  ProOtic ;  sq^  Squamosal ;  qu^ 
Quadrate;  //,  Inerygoid;  /r, Transverse ;  mx^  Maxilla;  ar^  Articular ;  de^  Dentary. 


with  the  centra.     The  Mosasaurs  attained  their  maximum  devel- 
opment at  a  time  when  the  Ichthyosaurs  were  on  their  decline. 
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The  very  imperfectly  known  Cetarthrosaurus^  of  the  Cambridge 
Greensand,  which  Mr  Hulke  refers  to  this  order,  is  noticed  among 
the  Ichthyopterygia, 

Suborder  5.  Ophidia. — ^The  Serpents  and  Snakes  constituting  the 
last  division  of  the  Squamata  present  the  following  distinctive  fea- 
tures :  The  body  is  greatly  elongated  (fig.  105 1,  bis\  and  the  vertebral 
column  divisible  only  into  a  trunk  and  a  caudal  region.  The  alis- 
phenoidal  region  of  the  skull  is  fully  ossified ;  there  is  no  temporal 
arcade,  parietal  foramen,  or  columella ;  the  quadrate  and  the  bones 
of  the  palatal  and  maxillary  regions  are  loosely  attached  to  the  skull 
(fig.  1049);  the  premaxillk  are  more  or  less  aborted  and  usually 
edentulous ;  and  the  two  rami  of  the  mandible  are  connected  only 
by  ligament  The  vertebrae  (fig.  1050)  have  zygosphenes ;  but  there 
is  no  sacrum,  and  chevrons  are  also  wanting.  There  is,  moreover, 
no  sternum,  nor  any  trace  of  the  pectoral  girdle  or  limbs ;  but  in 

some  cases  there  are  rudiments 
of  the  pelvic  girdle  and  limbs. 
Dermal  scutes  are  invariably 
wanting.  This  suborder  is  di- 
vided into  three  sections;  but 
since  its  palseontological  history 
^  •    is  but  imperfectly  known,  only 

Fig.  lojc-PosteriorrA)  and  faaanai  (b)  views    yery  brief  mention  will  be  made 

of  a  trunk  vertebra  ka  Python  moannu;  from  •^  ^       ... 

the  Pleistocene  of  India.  of  those  families  represented  m 

a  fossil  state.  With  the  excep- 
tion of  an  imperfectly  known  form  from  the  Chalk,  described  under 
the  name  of  CimoliophiSy  all  the  known  fossil  forms  are  of  Tertiary 
or  Post-tertiary  age.  The  next  earliest  genus  is  Helagrus^  of  the 
Lowest  (Puerco)  Eocene  of  North  America,  in  which  the  imperfect 
development  of  the  zygantrum  of  the  vertebrae  indicates  very  gener- 
alised affinities. 

Family  CoLUBRiDiE. — ^The  first  existing  family  of  the  section 
Colubriformes,  or  Innocuous  Snakes,  contains  the  great  bulk  of  the 
suborder;  and,  with  the  exception  of  Australia,  is  represented  in 
nearly  all  temperate  and  warm  regions.  The  Indian  genus  Ptyas 
is  probably  represented  in  the  Pleistocene  of  Madras  by  the  existing 
P,  mucosus.  In  the  Middle  Miocene  of  France  we  have  the  extinct 
PiUmophis  closely  related  to  the  modern  Tropidonotus^  or  common 
English  Snake;  while  the  existing  genus  Elaphis  occurs  in  the 
Upper  and  Lower  Miocene  of  various  parts  of  the  Continent  A 
species  of  Periops  closely  allied  to  one  now  living  in  Egypt  occurs 
in  the  Pleistocene  of  Coudes,  in  the  south  of  France ;  and  Tham- 
nophis^  from  the  Middle  Miocene  of  the  latter  country,  is  said  to  be 
allied  to  Elaphis. 

Family  PYXHONiDiE. — ^The  Pythons,  or  Rock  Snakes,  are  now 
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confined  to  Africa,  Asia,  or  Australia ;  and,  with  the  next  family, 
include  the  largest  existing  representatives  of  the  suborder.  They 
have  teeth  in  the  premaxilla ;  and  all  of  them  are  good  swimmers. 
Remains  of  the  existing  Indian  Pyth4m  molurus  (fig.  1050)  are 
found  in  the  Pleistocene  of  Madras ;  and  not  improbably  also  in 
the  Pliocene  of  the  Punjab ;  while  in  the  Pleistocene  of  Australia 
occur  vertebrae  probably  referable  either  to  Narboa  or  Liasis^  which 
now  inhabit  that  continent  From  the  Upper  Eocene  (Lower  Oligo- 
cene)  freshwater  deposits  of  Hampshire,  and  the  equivalent  Phos- 
phorites of  Central  France,  we  have  the  genus  Paleryx  {Paiao- 
fython\  which  is  apparently  nearly  related  to  Python.  Finally, 
ScytabphiSy  from  the  Quercy  Phosphorites,  is  said  to  connect  the 
PythomdiB  with  the  Tortricida, 

Family  Boid^ — ^The  Boas  are  at  the  present  day  confined  to 
the  New  World,  and  differ  from  the  Pythonida  by  the  absence  of 
premaxillary  teeth  (fig.  1049).  The  genera  Boavus^  LithophiSy  and 
Lestophis  {lAmnophis)^  of  the  Upper  Eocene  of  North  America,  are 
probably  referable  to  this  family.  Protagrus^  from  the  same  de- 
posits, may  also  be  provisionally  included  in  this  family ;  to  which 
it  has  been  suggested  that  BotrophiSy  of  the  French  Miocene,  may 
likewise  belong. 

Family  ERYCiDiE. — The  members  of  this  family  are  small  Snakes 
allied  to  the  Boiday  but  having  a  much  shorter  and  non-prehensile 
tail  Scaptophisy  of  the  Middle  Miocene  of  France,  is  regarded  as 
allied  to  the  existing  African  Eryx  ;  while  in  the  Miocene  of  North 
America  we  have  AphelophiSy  CalamagruSy  and  OgmophiSy  all  of 
which  appear  to  be  more  or  less  closely  related  to  the  genus 
Charina  now  inhabiting  the  same  regions. 

Family  PALitoPHiDiE. — Here  we  may  provisionally  place  the 
family  formed  for  the  reception  of  the  extinct  genus  PaiaqphiSy 


Pig.  losi.— Vertebra  oi  Palaopkis  iypkoMs;  from  the  Middle  Eocene  of  England.    The 
neural  spine  is  wanting,    c.  Costal  tubercle ;  sf ,  Zygosphene. 

from  the  Lower  and  Middle  Eocene  of  Europe,  comprising  very 
large  Serpents,  which  were  probably  of  marine  habits.     The  ver- 
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tebrae  (fig.  105 1)  differ  from  those  of  the  Pythonida  (fig.  1050)  by 
their  much  taller  neural  spines,  the  lower  position  of  the  costal 
articular  surfaces,  the  less  divergence  of  the  zygapophyses,  and  by 
the  stronger  development  of  the  haemal  ridge  on  the  inferior  aspect 
of  the  centrum,  which  often  carries  well-marked  processes  at  its 
two  extremities.  The  type  genus  Palaophis  is  represented  by  three 
English  species,  of  which  the  largest  is  estimated  to  have  attained 
a  length  of  20  feet.  In  the  Eocene  of  North  America  we  have 
closely  allied  forms  reaching  to  a  length  of  30  feet,  which  are  re- 
ferred by  Professor  Marsh  to  a  distinct  genus  under  the  name  of 
Titanophis  {Dinophis\  but  which  Professor  Cope  regards  as  indis- 
tinguishable from  Faiaophis,  By  Sir  R.  Owen  these  snakes  are 
regarded  as  allied  to  the  existing  marine  Sea-snakes  or  Hydrqphida. 

Family  ELAPiDiE. — The  first  existing  family  of  the  section 
Colubriformes  Venenosi  includes  the  Cobras  {Naia,  fig.  1051,  bis) 
and  Coral-snakes  {Elaps),  The  former  genus  probably  occurs  in 
the  Pleistocene  of  Madras ;  and  perhaps  also  in  the  Middle  Miocene 
of  Steinheim,  in  Bavaria. 

Family  ViPERiDiB. — The  present  and  following  families  consti- 
tute the  section  Viperiformes ;  characterised,  among  other  features, 
by  the  perfect  development  of  the  poison-apparatus.  A  snake  from 
the  Upper  Miocene,  of  Switzerland  has  been  referred  by  M.  Roche- 
brune  to  the  existing  genus  Bitis  {Echidna) ;  having  been  originally 
described  under  the  name  of  Coluber  Kargi, 

Family  CROTALiDiE. — ^The  Pit- Vipers  and  Rattlesnakes  are  con- 
fined at  the  present  day  to  Asia  and  America.  The  genus  Neuro- 
dromiciusy  from  the  Miocene  of  North  America,  is  provisionally 
referred  by  Professor  Cope  to  this  family;  while  Laophis^  from 
the  Tertiary  of  Salonica,  has  also  been  regarded  as  a  member  of 
the  same  group. 

Ordinal  Position  Uncertain. — It  will  be  convenient  to  men- 
tion here  two  imperfectly  known  genera  from  the  English  Purbeck, 
of  which  the  ordinal  position  cannot  at  present  be  determined. 
They  were  regarded  by  Sir  R.  Owen  as  belonging  to  the  Lacertilia, 
but  their  teeth  are  much  more  of  a  Dinosaurian  type.  The  first 
genus,  Nythetes  (Nuthetes\  is  represented  by  a  species  of  the  size  of 
some  of  the  existing  Varanidcty  but  has  teeth  closely  resembling  those 
of  the  Megalosaurida^  although  it  is  said  that  they  were  not  implanted 
in  distinct  sockets,  and  were  anchylosed  to  the  bone.  The  second 
genus,  Echinodoriy  is  a  smaller  form,  in  which  the  teeth  present  a 
striking  resemblance  to  the  much  larger  ones  of  the  Dinosaurian 
genus  Scelidosaurus ;  they  were  implanted  in  imperfect  sockets. 

Here  also  may  be  mentioned  the  remarkable  genus  Atoposaurus, 
from  the  Kimeridgian  lithographic  limestones  of  Bavaria,  which 
includes  two  species  of  small  Lizard-like  Reptiles,  presenting  the 
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following  peculiar  features.  The  manus  seems  to  be  of  a  Rhyn- 
chocephalian  type ;  but  the  pes  has  only  four  digits,  in  which  the 
phalangeals  number  2,  3,  4,  4,  or  the  same  as  in  the  Crocodilia. 
The  proximal  bones  of  the  carpus  are  also  elongated,  as  in  that 
order ;  and  the  radius  and  ulna  in  the  pectoral,  and  the  tibia  and 
fibula  in  the  pelvic  limb,  are  respectively  in  close  apposition.  The 
mandibular  symphysis  is  long ;  and  the  dentition  is  said  to  resemble 
that  of  the  Gtckonid<B  among  the  Lacertilia.  The  above  characters 
point  to  a  curious  blending  of  Squamatine  and  Crocodilian  features. 


Fig.  X051,  Mr.— The  African  Cobra  (ATx/Vi  haje\    Reduced. 
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CHAPTER    LV. 

CLASS  REPTILIA— continued. 

Orders  Dinosauria,  Crocodilia,  and  Ornithosauria. 

Archosaurian  Branch.  —  The  three  orders  constituting  this 
branch  comprise  the  most  highly  developed  of  all  Reptiles,  and 
those  which  make  the  nearest  approach  in  their  organisation  to 
the  Avian  type.  They  also  include  the  largest  forms  yet  known, 
not  only  among  Reptiles,  but  also  among  all  Vertebrates  adapted 
for  a  life  on  land.  The  following  features  are  common  to  the 
entire  branch.  The  teeth  are  very  generally  implanted  in  distinct 
sockets ;  are  never  anchylosed  to  the  bones  of  the  jaws ;  and  are 
exclusively  confined  to  the  premaxilla,  maxilla,  and  dentary  bones. 
Both  the  pectoral  and  pelvic  limbs  are  always  well  developed ;  the 
cranium  has  no  parietal  foramen,  but  is  furnished  with  both  a 
superior  and  an  inferior  temporal  arcade  (as  is  shown  in  the  figure 
of  the  Crocodilian  skull  on  p.  1181);  the  quadrate  is  firmly  fixed 
among  the  adjacent  bones ;  and  there  is  frequently  no  columella. 
The  anterior  ribs  have  a  distinct  capitulum  and  tuberculum ;  the 
dorsal  vertebrae  carry  long  transverse  processes,  which  may  be 
placed  entirely  on  the  arch ;  and  there  may  be  more  than  two  ver- 
tebrae in  the  sacrum.  There  is  never  a  T-shaped  interclavicle,  and 
the  only  indication  of  the  precoracoid  is  afforded  by  the  fontandle 
in  the  coracoid,  which  indicates  its  original  duality.  The  humerus 
has  no  foramen,  but  an  ectepicondylar  groove  may  occur.  The 
proximal  row  of  the  tarsus  comprises  two  bones,  representing  the 
astragalus  and  calcaneum.  Abdominal  ribs  are  generaUy  present 
The  number  of  phalangeals  in  the  limbs  approximates  more  or  less 
closely  to  that  obtaining  in  the  Streptostylic  branch,  although  in 
some  cases  there  is  a  reduction.  The  lateral  surface  of  the  mandi- 
bular ramus  may  have  a  vacuity.  As  a  rule  the  centrum  of  the 
atlas  vertebra  forms  an  odontoid  process  more  or  less  closely  at- 
tached to  the  centrum  of  the  axis ;  the  arch  of  the  former  being 
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supported  by  the  crescent-shaped  first  intercentrum.  Generally  the 
second  intercentrum,  like  that  of  Birds,  was  likewise  fused  with 
the  centrum  of  the  axis ;  but  in  one  Dinosaur  (?  Megalosaurus) 
this  element  exists  as  a  distinct  wedge-like  bone. 

In  the  pelvis  the  pubis  and  ischium  never  form  the  broad  and 
flattened  plates  found  in  the  Synaptosaurian  branch,  and  they  fre- 
quently assume  a  more  or  less  rod-like  form  with  expanded  ex- 
tremities (fig.  1073).  The  ilium  {ibid.)  frequently  presents  an 
expanded  form;  and  the  obturator  notch  is  never  converted  into 
a  foramen. 

Order  VIIL  Dinosauria. — ^The  Dinosaurs  comprise  the  largest 
land  Reptiles ;  and  while  some  of  them  approximate  closely  to  the 
type  of  structure  obtaining  in  Birds,  others  come  so  near  to  the 
more  generalised  Crocodilians  that  it  is  almost  impossible  to  give 
any  definition  of  the  order  that  will  separate  it  from  the  latter.  It 
is,  indeed,  probable  that  in  the  Lower  Trias  there  lived  the  common 
ancestors  of  the  two  orders,  and  the  forms  from  the  upper  division 
of  the  same  period  indicate  not  only  the  close  connection  between 
these  two  groups,  but  also  show  some  signs  of  affinity  with  the 
Rhynchocephalia. 

It  has  recentiy  been  proposed  to  divide  the  Dinosauria  into  two 
orders,  from  the  structure  of  the  pelvis,  for  which  the  names  Or- 
nithischia  and  Saurischia  have  been  proposed.  If,  however,  this 
view  be  eventually  accepted,  it  would  be  advisable  to  adopt  the 
name  Omithopoda  for  tiie  first  division,  and  to  restrict  the  term 
Dinosauria  to  the  second,  which  would  include  the  two  groups  here 
termed  Theropoda  and  Sauropoda.  In  regard  to  the  names  of  the 
suborders,  it  should  be  mentioned  that  Professor  Cope  first  proposed 
the  names  Orthopoda  and  Goniopoda  for  the  groups  here  termed 
Omithopoda  and  Theropoda,  on  the  ground  that  the  relations  of 
the  tibia  and  fibula  were  essentially  different  in  the  two.  According, 
however,  to  Professor  Huxley,  this  alleged  difference  does  not  exist, 
and  these  names  are  therefore  rejected  by  him. 

This  order  is  entirely  extinct,  and  may  be  regarded  as  character- 
istic of  the  Mesozoic  period ;  since  it  ranges  from  the  Trias  to  the 
Uppermost  Cretaceous  of  Maastricht,  and  the  Laramie  beds  of  the 
United  States,  and  appears  to  have  attained  its  maximum  develop- 
ment in  the  Jurassic  and  Wealden.  In  space  this  order  was  widely 
distributed  over  Europe  and  North  America ;  and  it  has  also  been 
met  with  in  India  and  Africa. 

Dinosaurs  vary  exceedingly  in  the  contour  of  the  body  and  limbs ; 
which  in  some  instances  were  more  or  less  of  a  crocodilian  type,  but 
in  others  approach  very  markedly  to  the  avian  structure ;  the  latter 
feature  being  most  marked  in  the  pelvis  and  hind  limbs.  The  hind 
limbs  were  either  moderately  or  excessively  long ;  while  the  body 
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was  sometimes  defended  by  a  bony  dennal  armour,  which  may 
carry  long  spines,  but  apparently  was  never  composed  of  imbricating 
pitted  scutes.  The  centra  of  the  vertebrae  are  very  generally  amphi- 
coelous ;  but  are  not  unfrequently  opisthocoelous  in  the  cervical,  and 
more  rarely  in  the  anterior  dorsal  region ;  and  occasionally  some  of 
the  caudals  are  procoelous.  The  neuro-central  suture  was  usually 
persistent  till  an  advanced  period  of  life.  As  a  general  rule  the 
sacrum  includes  from  three  to  six  vertebrae,  but  occasionally  the 
number  is  reduced  to  two.  The  cervical  ribs  are  not  produced  into 
spines  directed  antero-posteriorly ;  and  there  are  no  imcinate  pro- 
cesses to  the  ribs.  The  ril>facets  of  the  middle  dorsal  vertebrae 
may  either  form  a  "  step  "  on  the  transverse  process,  as  in  the  Cro- 
codilia,  or  may  be  placed  on  the  lamina  of  the  arch.  The  skull  has 
many  features  of  that  of  the  earlier  Crocodilia,  but  also  seems  to 
approximate  in  some  cases  to  the  Rhynchocephalian  type.  The  pre- 
maxillae  were  but  rarely  fused  together ;  and  the  union  of  the  man- 
dibular rami  in  the  symphysis  is  cartilaginous.  The  teeth  are  gen- 
erally more  or  less  laterally  compressed,  frequently  having  serrated 
edges,  and  may  be  of  complex  structure;  they  were  not  always 
implanted  in  distinct  sockets.  The  sternal  region  is  imperfectly 
known,  but  it  frequently  comprised  two  paired  bones,  which  may 
represent  parts  of  the  sternum.  The  limb  bones  may  be  either 
solid  or  furnished  with  a  medullary  cavity.  The  coracoid  has  a 
fontanelle,  and  is  always  short  and  rounded.  In  the  pelvis  (fig. 
1060)  the  iHum  has  both  the  pubic  and  preacetabular  processes 
well  developed,  the  latter  being  in  some  cases  greatly  elongated ; 
the  pubis  always  takes  a  share  in  the  formation  of  the  acetabulum 
(of  which  the  inner  wall  is  unossified),  and  may  be  directed  either 
forwards  or  backwards.  The  femur  may  have  its  head  placed  either 
obliquely  (as  in  the  Crocodilia)  or  at  right  angles  to  the  condyles  ; 
and  may  or  may  not  be  furnished  with  an  inner  trochanter.  The 
tibia,  as  in  Birds,  had  a  cnemial  crest ;  and  the  astragalus  was  fre- 
quently flattened,  and  more  or  less  closely  applied  to  the  lower  end 
of  the  tibia. 

Suborder  i.  Ornithopoda. — ^This  suborder  is  taken  to  include 
the  Stegosauria  of  Professor  Marsh,  and  embraces  the  most  special- 
ised forms.  In  the  skull  (figs.  1059,  1062)  the  anterior  part  of  the 
premaxilla  is  devoid  of  teeth ;  there  is  no  preorbital  vacuity ;  the 
nares  are  placed  at  the  extremity  of  the  skull ;  and  the  teeth  are 
more  or  less  complex,  and  are  frequently  not  set  in  distinct  sockets. 
The  vertebrae  are  solid  throughout  The  pectoral  limb  is  consider- 
ably shorter  than  the  pelvic ;  the  limb  bones  may  be  either  solid 
or  hollow.  The  ilium  generally  has  its  preacetabular  process  much 
elongated  (fig.  1060),  although  this  is  not  the  case  in  the  type  of 
Catnptosaurus  (fig.  1052),  the  ischium  has  an  obturator  process; 
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but  the  most  striking  and  remarkable  feature  in  the  group,  and  one 
in  which  it  differs  from  all  others  except  Birds,  is  that  the  shaft  of 
the  pubis  is  directed  backwards  more  or  less  nearly  parallel  with  the 
ischium,  while  a  shorter  and  thicker  portion  in  advance  of  the 
acetabulum  projects  forwards.  How  remarkably  this  pelvic  struc- 
tiure  approximates  to  that  of  Birds  may  be  seen  by  comparing  figs. 
1052  and  1060  with  that  of  the  pelvis  of  a  Ratite  Bird  given  in  the 
sequeL  Thus  the  large  preacetabular  process  of  the  pubis  of  the 
Dinosaur  corresponds  with  the  much  smaller  but  similarly  situated 


v^ 


PIr.  f 05a.— The  left  tide  of  the  pelvis  ct Cttm/^iosaurus  dixftarl  from  the  Upper  Turassic  of 
North  Amerka.  One-twelfth  natural  xixe.  The  upper  bone  is  the  ilium,  that  on  the  left  the 
pabi>»  and  that  on  the  right  die  ischium.    (After  Maish.) 


pectineal  process  in  the  pelvis  of  the  Ratite  Birds  (fig.  1107).  In 
some  cases  the  pubis  had  no  median  symphysis.  All  the  more 
specialised  members  of  the  suborder  appear  to  have  walked  habitu- 
ally on  the  hind  limbs  alone.  In  this  and  the  following  suborder 
the  length  of  the  tibia  is  often  nearly  equal  to  that  of  the  femur ; 
and  in  Hysilophodon  and  Compso- 
gnathus  the  former  bone,  as  in 
Birds,  is  the  longer  of  the  two. 

Family    TRACHODONTiDiE.  ^- 
The  most  specialised,  as  well  as 
one  of  the  most  recent,  families  of 
the  suborder,  seems  to  be  that  typ-    (After  LeidyJ 
ically  represented  by  the  genus 

Trtuhadon  (Hadrosaurus).  This  family,  although  closely  related 
to  the  next,  is  distinguished  by  having  the  teeth  arranged  in  a 
number  of  vertical   columns   and   articulating  together  so  as  to 


Fig.   1055.— Tooth  of  Trachodon  F&uiki; 
from  the  Upper  Cretaceous  of  New  Jersey. 
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form  a  kind  of  pavement  The  type  genus,  of  which  a  tooth  is 
shown  in  fig.  1053,  was  first  described  from  the  Upper  Cretaceous 
of  the  United  States,  but  has  been  subsequently  recorded  horn  the 

Upper  Greensand  of  Cambridgeshiie. 
All  the  dorsal  vertebrae  are  opistho- 
coelous.  Five  other  genera — ^viz.,  Di- 
doniuSj  CionodoHy  Manoclonius^  Dys- 
canus,  and  Agathaumas  —  from  the 
Laramie  beds  of  North  America  pre- 
sent a  similar  type  of  dentition,  and 
have  been  referred  to  the  same 
family ;  the  first  being  probably  iden- 
tical with  Trachodon,  The  Laramie 
beds,  it  should  be  observed,  appear 
to  be  transitional  between  the  Cre- 
taceous and  Eocene  although  refer- 
In  the  so-called  Diclonius  the  skull, 
although  presenting  many  of  the  features  of  that  of  Iguanodon, 
is  much  more  elongated  and  depressed,  and  has  the  edentulous 
premaxillae  produced  in  advance  of  the  large  nares.     Orthomtrus, 


Fig.  ro54.— Four  lower  teeth  of  IguoH' 
odon  in  the  jaw.    Reduced. 


able  to  the  former  epoch. 


Fig.  Z055.— Inner  (a)  and  outer  (b)  aspects  of  a  lower  tooth  of  Igumnod^n,  htmiuarttnm', 
from  the  Wealden  of  Sussex. 


of  the  Upper  Cretaceous  of  Maastricht  in  the  Netherlands,  may 
probably  be  also  referred  to  this  family,  although  it  shows  some 
signs  of  connection  with  the  next 

Family  iGUANODONTiDiE. — The  characteristic  features  of  this  re- 
markable family  are  to  be  found  in  the  hollow  limb  bones;  the 
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slendemess  and  relative  length  of  the  pubis  and  ischium  (figs.  1052, 
1060);  the  avian  characters  of  the  femur,  which  has  a  large  inner 
trochanter;  the  digitigrade  hind-foot,  furnished  with  either  three 
or  four  digits  and  more  or  less  elongated  metatarsals;  and  the 
short  pectoral  limbs.  The  bones  usually  referred  to  the  sternal 
r^on  are  typically  hatchet-shaped,  and  have  been  regarded  by 
some  authorities  as  clavicles,  although  it  seems  more  probable  that 
they  are  connected  with  the  xiphistemum.  The  cervical  vertebrae 
were  usually  opisthocoelous ;  and  the  rib-facets  in  the  middle  dorsal 
region  were  placed  on  the  arch.  The  teeth  (figs.  1054,  1055)  were 
arranged  in  a  single  row,  and  are  very  peculiar  and  characteristic. 
Thus  they  have  flattened,  diamond-shaped  crowns,  bearing  strongly- 
marked  serrations  on  the  anterior  and  posterior  borders,  and  one 


Fig.  ios6> — Iguamodon  bermiuartensis.    The  skeleton ;  from  the  Wealden  of  Belgium. 
About  ^  natural  size.    The  scale  indicates  metres.    (After  DoUo.) 

or  more  vertical  ridges,  some  of  which  may  themselves  be  serrated, 
on  their  outer  aspect  The  mandible,  again,  presents  the  peculiar 
feature  of  having  a  horse-shoe-like  predentary  bone  at  the  extremity 
of  the  symphysb  (fig.  1059).  This  predentaiy  ossification  is  devoid 
of  teeth ;  while  the  mandibular  symphysis  itself  is  deeply  chan- 
nelled The  family  ranges  from  the  Middle  Jurassic  to  the  Weal- 
den and  Neocomian  of  Europe ;  its  members  generally  showing  a 
gradual  increase  in  size  from  the  lower  to  the  higher  horizons. 
Like  the  members  of  the  preceding  family,  the  Iguanodonts  habitu- 
ally supported  themselves  on  the  hind  limbs,  as  in  the  accompany- 
ing figure. 
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In  the  imperfectly  known  SpJunospondylm  of  the  English  Wealden, 
the  anterior  dorsal  vertebrae  were  opisthocoelous,  and  all  the  dorsals 
had  very  low  neural  arches.  In  the  type  genus  Iguanadon^  which 
includes  the  largest  forms,  the  skull  (fig.  1059)  is  comparatively 
short,  with  large  and  terminal  nares  and  no  teeth  in  the  premax- 
illa.  In  the  typical  forms,  constituting  the  Euiguanodont  group, 
the  dorsal  vertebrae  {hg.  1058)  are  amphicoelous,  those  in  the 
anterior  part  of  the  series  having  very  tall  neural  arches  and 
compressed  centra;  while  the  sacral  vertebrae  are  anchylosed  to- 
gether, and  have  rounded  inferior,  or  haemal,  surfaces.  In  the 
pelvis  (fig.  1056)  the  ilium  is  shallow,  with  a  sharply  pointed  post- 
acetabular  process ;   while  the  pubis   is   much   shorter  than  the 


Fig.  X057.— Inner  aspect  of  the  left  femur 
of  IguattodcH  btmissartetuis  (a),  and  of 
CtuHptosaurus  Ltedn  (bX  Reduced  to  same 
size,  a,  Head ;  b^  Loser  trochanter ;  c. 
Inner  do. ;  ^,  Ectocondyie ;  «,  Entocondyle. 


Fig.  zo«8.— Posterior  aspect  of  anterior  dor* 
sal  verteora  of  Igua$iodon  bernissarUmnsl 
from  the  Wealden  of  the  Isle  of  Wight.  One- 
sixth  natural  size.    (After  Seeley.) 


ischium  (which  is  twisted  on  itself),  and  does  not  form  a  symphysis. 
The  femur  (fig.  1057,  a)  is  characterised  by  the  inner  trochanter 
(c)  forming  a  crest  directed  almost  immediately  backwards,  while 
its  shaft  is  nearly  straight  The  foot  had  only  three  functional 
digits,  of  which  the  metatarsals  were  short  and  thick,  and  the 
phalangeals  broad  and  fiat ;  while  in  the  manus  the  one  phalangeal 
of  the  first  digit,  or  pollex,  was  modified  into  a  stout  conical  spine. 
As  in  the  other  members  of  the  family,  the  astragalus,  although  not 
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anchylosed  to  the  tibia,  was  closely  applied  to  its  distal  extremity, 
and  thus  rendered  the  structure  of  the  ankle-joint  (as  in  many 
other  members  of  the  order)  essentially  similar  to  that  of  a  Bird. 

It  may  be  observed  that  the  inner  trochanter  of  the  femur  corresponds 
to  the  small  one  found  in  some  Birds,  which  gives  attachment  to  the 
femoro-caudal  and  ischio-femoral  muscles,  and  it  is  interesting  to  find, 
from  the  observations  of  M.  DoUo,  that  its  form  in  Iguanodon  is  that 
which  agrees  with  the  Avian  type. 

Iguanodon  ranges  from  the  Wealden  to  the  Lower  Greensand, 
and  hitherto  has  only  been  described  from  Europe.  The  two 
representatives  of  the  typical  or  Euiguanodont  group  occur  in  the 
Upper  Wealden  and  Lower  Greensand,  and  comprise  /  Mantelli^ 
and  the  larger  /.  bemissartensis  (fig.  1056) ;  these  two  species  being 
also  distinguished  from  one  another  by  the  number  of  the  sacral 
vertebrae,  and  the  contour  of  the  ilium  and  femur. 

The  length  of  the  entire  body  of  the  larger  /.  bemissartensis  is  esti- 
mated at  about  y^  feet.  The  history  of  the  ^dual  reconstruction  of  the 
skeleton  of  this  genus  affords  an  instructive  mstance  of  the  results  which 
may  be  attained  by  careful  and  patient  study  of  fragmentary  remains. 


1059. — I^^  lateral  aspect  oi  the  skull  of  Igutmodcn  btrmuarttnti* ;  from  the  Wealden 
Much  raduced.    The  anterior  aperture  is  the  nares :  the  middle  one  the  orbit ;  and 


of  Bdgiam.     

the  posusior  the  infratemporal  fossa. 
■■  ■       (After  DoUo.) 


The  predentary  bone  b  seen  at  the  extremity  of  the 


By  the  labours  of  the  late  Dr  G.  Mantell  of  Lewes,  in  the  first  half  of 
this  century,  a  considerable  knowledge  was  acquired  of  the  greater  part 
of  the  skeleton,  although  the  structure  of  the  pectoral  and  pelvic  girdles 
remained  a  puzzle.  The  structure  of  the  latter  was,  however,  after  more 
than  one  ineffectual  attempt,  finally  solved  by  the  labours  of  Professor 
Huxley  and  Mr  J.  W.  Hulke. 

In  the  Wadhurst  Clay,  or  Lower  Wealden,  of  Sussex,  we  meet  with 
three  species  of  Iguanodon  which  connect  the  preceding  typical 


Digitized  by  LjOOQ  IC 


II58 


CLASS  REPTILIA. 


forms  with  the  undermentioned  genus  Camptosaurus,  L  Dawsoni'is 
a  form  intermediate  in  size  between  /.  Mantelli  and  /  bemissartensisy 
characterised  by  the  less  compressed  centra  and  lower  arches  of  the 
dorsal  vertebra;  and  also  by  the  form  of  the  ilium  (fig.  1060,  77), 
which  is  of  great  depth,  and  has  a  deep  and  rounded  postacetabular 
process,  while  the  preacetabular  process  has  a  horizontal  inferior 
plate.  In  the  smaller  /.  Fittoni  the  ilium  is  equally  deep,  but  has 
the  postacetabular  portion  narrowed  to  a  point  laterally,  with  a  dis- 
tinct inferior  horizontal  plate ;  while  the  sacrum  has  laterally  com- 


6--" 


L....'-* 


Fig.  X060.— Left  pelvic  bones  of  Lower  Wealden  Iguanodons.  One-sixteenth  natnnl  site.  //, 
Ilium  of  IguanodoH  Damtmu;  P,  Imperfect  pubis  of  da  ;  It,  Ischium  of  /.  A^ltiMgimutmtu  ; 
Of  Obturator  process  of  ischium. 

pressed  vertebrae  like  those  of  /.  Mantelli,  The  posterior  portion 
of  the  ilium  of  this  species  is  indeed  almost  indistinguishable  from 
that  of  Camptosaurus  (fig.  1052).  Finally,  in  /  hollingtonienstSy 
which  agrees  approximately  in  the  proportions  of  the  limbs  with 
/  Mantelliy  the  femur  had  a  curved  shaft  and  pendant  trochanter 
as  in  Camptosaurus  (fig.  1057,  b);  while  the  sacrum  had  the  ver- 
tebrae remaining  separate  from  one  another,  with  their  inferior 
surfaces  flattened,  as  in  that  genus,  with  which  this  species  also 
agreed  in  the  contour  of  the  ischium  (fig.  1060,  Is\  which  has  a 
stout  shaft  not  twisted  upon  itself.     This  species  agreed,  however. 
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with  the  typical  species  of  the  genus  in  having  the  poUex  modified 
into  a  conical  spine,  and  thereby  differed  from  CamptosauruSy 
although  indicating  how  the  one  genus  passed  into  the  other.  It 
\s  not  improbable  that  the  large  Iguanodont  from  the  Upper 
Jurassic  of  the  United  States,  described  as  Camptosaurus  amplus^ 
should  be  referred  to  this  group  of  Iguanodont  since  it  has  but 
three  functional  digits  in  the  pes. 

With  the  genus  Camptosaurus  (Camptonotus\  we  come  to  forms 
which  are  usually  of  smaller  size  than  the  preceding.  It  occurs 
typically  in  the  Upper  Jurassic  of  North  America ;  but  certain 
forms,  from  the  English  Oxford  and  Kimeridge  Clays,  to  the  latter 
of  which  the  name  Cumnoria  has  been  applied,  as  well  as  a  Wealden 
species,  do  not  appear  to  be  generically  separable.  This  genus  has 
teeth  of  somewhat  simpler  structure  than  those  of  Iguanodon^  and  is 
further  characterised  by  the  flattened  haemal  surfaces  of  the  centra 
of  the  sacral  vertebrae,  which  appear  to  have  remained  separate 
throughout  life;  by  the  short  preacetabular  process  of  the  ilium 
(fig.  1052)  of  the  type  species ;  by  the  equality  in  the  length  of  the 
pubis  and  ischium ;  by  the  pendant,  or  downwardly  directed,  inner 
trochanter  of  the  curved  femur  (fig.  1057,  b);  and  the  presence  of 
five  digits  of  normal  structure  in  the  manus,  and  typically  of  four 
in  the  pes.  The  length  of  the  femur  of  the  type  species  is  some 
2 1  inches.  The  English  forms  are  not  fully  known ;  but  so  far  as 
this  is  the  case  they  agree  in  essential  characters  with  the  type :  the 
structure  of  the  manus  and  pes  is,  however,  unfortunately  unknown. 
C.  JLeedsiy  of  the  Oxford  Clay,  is  known  only  by  the  femur  (fig. 
1057,  b),  which  measures  a  little  over  one  foot  in  length;  while  in 
the  Kimeridgian  C  Prestwichi  (the  type  of  Cumnoria)  we  are  ac- 
quainted with  the  greater  part  of  the  vertebral  column,  in  which  the 
dorsals  have  tall  neural  arches,  while  the  ilium  has  a  long  preace- 
tabular process  like  that  of  Iguanodon,  The  Wealden  C,  valdensis 
is  typified  by  a  femur.  Laosaurus  is  an  allied  form  from  the  Upper 
Jurassic  of  the  United  States,  distinguished  by  its  amphicoelous 
cervical  vertebrae.  The  imperfectly  known  Cryptodraco  {Crypto- 
saurus\  from  the  Oxford  Clay  of  England,  is  characterised  by  the 
great  stoutness  of  the  femur,  which  exceeds  a  foot  in  length,  and 
has  a  straight  shaft,  with  an  inner  trochanter  like  that  of  Iguanodon 
bemissartensisy  but  differs  from  the  corresponding  bone  of  all  other 
members  of  the  family  in  the  absence  of  a  groove  on  the  anterior 
aspect  of  the  lower  end  between  the  condyles. 

Lastly,  we  come  to  the  consideration  of  Hypsilophodony  the 
smallest  and  least  specialised  representative  of  the  family,  which 
is  now  well  known  to  us  through  the  labours  of  Mr  J.  W.  Hulke. 
In  this  genus,  which  occurs  in  the  Upper  Wealden  of  England,  the 
general  structure  of  the  pelvis,  as  well  as  the  pendant  inner  tro- 

VOL.  II.  s 


Digitized  by  LjOOQ  IC 


Il60  CLASS  REPTILIA. 

chanter  of  the  femur,  resemble  the  corresponding  elements  of 
Campiosaurus ;  and  there  are  likewise  four  functional  digits  in  the 
pes,  of  which  the  metatarsals  are  elongated ;  while  the  teeth,  which 
also  occur  in  the  hinder  half  of  the  premaxilla,  are  somewhat  simpler 
than  those  of  Iguanodon.  In  conclusion,  we  may  mention  two  im- 
perfectly known  forms  which  are  evidently  related  to  this  family. 
Of  these,  Mochlodon^  from  the  Upper  Greensand  of  Austria,  is 
characterised  by  the  absence  of  the  channelled  mandibular  sym- 
physis characteristic  of  typical  forms ;  while  Craspedodon^  from  the 
Upper  Cretaceous  of  Belgium,  is  a  very  small  Dinosaur,  merely 
known  by  its  teeth,  which  are  more  complex  than  those  of 
Iguanodon, 

Family  ScELiDOSAURiDiE. — This  family  includes  a  group  of  re- 
markable Dinosaurs  of  medium  dimensions,  characterised  by  being 
clad  in  a  stout  dermal  armour,  usually  consisting  of  detached  scutes 
and  long  spines,  but  sometimes  taking  the  form  of  a  solid  carapace 
completely  covering  the  lumbar  region.  The  rami  of  the  mandible 
are  slender  and  tapering,  but  it  is  not  known  whether  a  predentary 
bone  was  present.  The  teeth  (fig.  1061)  have  laterally  flattened  and 
subtriangular  crowns,  with  the  borders  carrying  serrations  set  more 
or  less  obliquely  or  parallel  to  the  long  axis  of  the  tooth.  The 
anterior  and  middle  dorsal  vertebrae  differ  from  those  of  the 
Iguanodontida  in  having  the  articulation  for  the  head  of  the  rib 
forming  a  "  step  "  on  the  transverse  process,  as  in  Crocodiles,  and 
not  a  facet  on  the  arch ;  while  there  is  also  no  fossa  between  the 
transverse  process  and  the  postzygapophysis.  The  limb-bones  are 
solid  and  massive;  the  pre-  and  postacetabular 
processes  of  the  ilium  very  long ;  and  the  pubis 
and  ischium  comparatively  short  The  femur 
has  an  inner  trochanter;  the  metatarsals  are 
short  and  thick ;  and  the  pes,  which  was  probably 
plantigrade,  always  has  four  functional  digits. 
This  family  connects  the  Iguanodontida  with  the 
Stegosauridce,  and  appears  to  be  confined  to  the 
Old  World,  ranging  from  the  Lias  to  the  Creta- 

Fig.  1061.— Tooth  of    ceOUS. 

soni;  from  the  Lower  The  type  gcnus  Scflidosaurus,  of  which  a  tooth 
ivfce  natuSaliM!"*"*  IS  shown  in  fig.  1 06 1,  occurs  in  the  Lower  Lias 
of  Dorsetshire ;  and  is  well  characterised  by  the 
strongly-marked  serrations  of  the  teeth,  and  the  short  and  conical 
dermal  spines  or  scutes.  In  the  Wealden,  the  well-known  Hyiao- 
saurus  was  a  Dinosaur  of  considerable  dimensions,  characterised 
by  its  enormous  and  laterally-compressed  dermal  spines,  but  of 
which  the  skull  and  teeth  are  unfortunately  still  unknown,  certain 
detached  teeth  which  have  been  provisionally  referred  to  it  being 
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now  known  to  be  Sauropodous.  The  anterior  dorsal  vertebrae  have 
a  well-marked  haemal  ridge,  which  disappears  in  those  later  in  the 
series. 

Regnosaurus  is  founded  upon  a  lower  jaw  from  the  Wealden, 
which  may  pertain  either  to  the  last  or  the  following  genus.  In 
Polacanthus^  of  the  same  beds,  we  have  a  remarkable  form,  in 
which  the  dermal  armour  constitutes  a  completely  solid  carapace 
over  the  whole  of  the  dorsal  aspect  of  the  lumbar  region,  some  of 
the  component  scutes  being  tuberculated,  and  others  ridged ;  while 
there  was  also  a  number  of  detached  flattened  spines  somewhat  like 
those  of  HylaosauruSy  which  probably  formed  a  line  in  the  dorsal 
region.  This  peculi&r  type  of  carapace  forcibly  recalls  that  of  the 
Glyptodont  Edentates.  In  the  Chalk-Marl  and  Cambridge  Green- 
sand,  we  find  Acanthopholis  with  a  dermal  armour  somewhat  similar 
to  that  of  Scelidosaurus^  but  with  rather  more  complex  teeth.  The 
smaller  Anaplosaurus^  of  the  Cambridge  Greensand,  was  probably  a 
closely  allied,  if  not  generically  identical,  form;  while  the  equally 
small  Syngpnosaurus  and  Eucercosaurus^  of  the  same  deposits,  are 
distinguished  by  their  compressed  and  carinated  dorsal  vertebrae, 
which  resemble  those  of  Hyktosaurus,  Apparently  allied  to  these 
forms  is  VtcHsauruSy  of  the  Wealden  of  the  Isle  of  Wight,  origi- 
nally referred  to  the  Iguanodontida^  but  showing  the  ^'  step  "  on  the 
transverse  processes  of  the  dorsal  vertebrae  characteristic  of  the 
present  family.  PriodontognatkuSy  founded  on  a  fragment  of  jaw 
of  unknown  age,  is  probably  referable  to  one  of  the  preceding 
forms. 

Family  Stegosaurid^ — ^This  family  is  typically  represented  by 
the  genus  Stegosaurus ;  but  before  mentioning  that  form  it  will  be 
convenient  to  refer  to  two  apparently  allied  Dinosaurs  from  the 
Karoo  system  of  the  Cape,  both  of  which  are  very  imperfectly 
known,  and  may  indicate  a  family  connecting  the  present  with  the 
Iguanodontida.  In  EusceUsaurus  (more  correctly  Eusceiidosaurus)y 
as  the  first  of  these  forms  is  named,  the  limb-bones  were  solid,  and 
the  femur  has  a  large  inner  trochanter,  and  approximates  somewhat 
to  that  of  the  Iguanodonts.  The  tibia  and  flbula  seem,  however, 
to  have  been  more  like  those  of  the  Stegosaurida ;  being  anchylosed 
at  their  two  extremities,  and  closely  joined  to  the  astragalus  and 
calcaneum.  The  caudal  vertebrae,  belonging  either  to  this  or  the 
next  genus,  are  of  an  Iguanodont  type.  The  genus  Orinosaurus 
(Orosaurus)  was  founded  upon  a  bone  of  a  larger  reptile,  regarded 
by  its  dcscriber  as  the  distal  end  of  a  femur,  but  which  is  really  the 
proximal  end  of  a  tibia.  Although  solid  throughout,  this  bone  re- 
sembles the  tibia  of  Iguanodon  in  its  expanded  extremity,  and  thus 
suggests  a  transition  between  the  Iguanodontida  and  Stegosaurida, 

The  genus  Stegosaurus  was  originally  described  from  the  Upper 
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Jurassic  of  North  America ;  but  it  appears  that  certain  forms  from  the 
Oxford  and  Kimeridge  Clays  of  England,  described  at  an  earlier  date 
under  the  preoccupied  name  of  Omosaut  us,  are  not  entitled  to  gen- 
eric distinction.  These  Dinosaurs  agree  with  the  Scelidosauridct  in 
the  general  structure  of  their  teeth,  and  the  possession  of  a  dermal 
armour  of  scutes  and  spines,  as  well  as  in  their  solid  limb-bones ; 
but  differ  by  the  great  height  of  the  neural  arches  of  the  vertebra, 
as  well  as  by  the  circumstance  that  in  the  sacrum  each  arch  is 
either  chiefly  or  entirely  supported  by  a  single  centrum,  mstead  of 
by  the  adjacent  portions  of  two  centra,  as  in  the  preceding  families. 
The  skull  (fig.  1062)  shows  many  points  of  resemblance  to  that  of 
Iguanodon,  especially  in  the  presence  of  a  predentary  bone ;  but  it 
is  lower  and  narrower,  and  thereby  approximates  to  the  Scelido- 


Fiff.  1062.— Left  lateral  view  of  skull  of  SUgosaurus  stenoAs;  from  the  Upper  Jurassic  of 
North  America.  One-quarter  natural  sijsc.  a,  Nares;  3,  Orbit;  c,  Infratemporal  fossa: /«, 
PremaxUla;  >w,  Maxilla;  «,  Nasal ;^  Prefrontal;  so.  Supraorbital ; ^,  Postfrontal;  /«»»  Post- 
orbital ;  /,  Lachrymal ;  /,  Jugal ;  ^,  Quadrate ;  jy,  Souamosal ;  aCy  Occipital  condyle ;  at.  Arti- 
cular ;  M,  Surangular ;  an,  An^lar ;  x,  Splenial ;  d,  Dentary ;  pd,  Predentary.    (After  Marsh.) 

saurian  type.  The  Iguanodont  resemblance  is,  however,  so  marked 
as  to  forbid  the  reference  of  the  forms  with  dermal  armour  to  a 
separate  suborder.  The  two  rami  of  the  caudal  chevron-bones  do 
not  unite  superiorly.  In  the  pelvis  (fig.  1063)  the  ilium  has  an 
enormous  preacetabular  process,  and  a  very  short  postacetabular 
portion ;  while  the  ischium  and  pubis  are  relatively  short.  In  the 
femur  (fig.  1063)  the  inner  trochanter  is  either  very  small  or 
absent;  the  metatarsals  are  very  short  and  stout;  and  the  five 
digits  of  the  plantigrade  pes  approximate  in  contour  to  those  of 
the  Elephant.  The  tibia  and  fibula  are  suturally  united  together  at 
their  extremities ;  and  the  former  is  completely  joined  to  the  astra- 
galus, and  the  latter  to  the  calcaneum.  Other  peculiar  features  of 
these  remarkable  reptiles  are  to  be  found  in  the  structure  of  the 
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neural  canal  in  the  sacrum.  In  the  solid  structure  and  general 
contour  of  the  limb-bones,  as  well  as  in  the  relations  of  the 
sacral  centra  to  their  arches,  Stegosaurus  approximates  to  the  sub- 
order Sauropoda ;  and  thus  shows  how  impossible  it  is  to  bring  out 
the  true  relationships  of  animals  in  a  linear  classification.  The 
type  species  indicates  a  reptile  about  two-thirds  the  dimensions  of 
Iguanodon  btrtdssartensis.  The  American  species  have  no  inner 
trochanter  to  the  femur.  The 
name  Diracodon  has  been  ap- 
plied to  an  American  Jurassic 
type  characterised  by  some  modi- 
fication in  the  structure  of  the 
foot.  DysirophasuSy  from  the 
Trias  of  Arizona,  appears  to  be 
more  or  less  closely  allied  .to  the 
Stegpsaurida. 

Family  CERATOPiDiC. — This 
name  has  been  proposed  for 
some  remarkable  Cretaceous 
Dinosaurs  allied  to  the  preced- 
ing family,  but  can  only  be  pro- 
visionally adopted.  The  type 
genus  Ctratops  (according  to 
Cope  identical  with  his  Poly- 
onax\  of  the  Laramie  Creta- 
ceous of  the  United  States, 
carries  a  pair  of  large  horn-cores 
on  the  skull,  which  are  curiously 
like  those  of  the  Bovida^  and 
were  probably  sheathed  with 
horn.  The  body  was  covered 
with  dermal  scutes,  which  not 
improbably  had  overlying  homy 
shields  like  those  of  Chelonians. 

In  the  Upper  Greensand  of  Austria  there  occur  similar  horn-like 
bones,  once  thought  to  have  been  attached  to  the  body,  and 
described  as  Struthiosaurus  {Crataomus\  and  it  has  yet  to  be 
shown  that  the  American  types  are  generically  distinct.  A  gigantic 
allied  form,  from  the  Laramie,  has  been  christened  Triceratops^ 
and  is  characterised  by  the  presence  of  an  additional  nasal  horn- 
core,  supported  by  the  coalesced  premaxillae  and  an  additional 
rostral  bone.  The  skull  is  stated  to  be  upwards  of  six  feet  in 
length;  the  frontal  horn-cores  measuring  some  22  inches.  A 
hom-core-like  bone  in  the  British  Museum,  from  the  Wealden, 
not  improbably  indicates  an  allied  type. 


Fig.   1063.— The  left   pectoral  and  pelvic 

f girdles  and  limbs  of  Stegosaurus  ungulatus ; 
rom  the  Upper  Jurassic  of  North  America. 
A  natural  size,  x,  Scapula ;  c,  Coracoid ;  A, 
Humenis ;  r,  Radius ;  u.  Ulna ;  /-v,  Phalan- 


riumenis;  r,  Radius 
— '-  ■,  »/,  Ilium  ;  is, 

mur;  /,  Tibia!  y^   nuuiit,  », 
'galus;  Cf  Calcaneum.    (After  Marsh.) 


geals;  rV/ Ilium  ;  i>,  Ischium;  /,  /K  Pubis; 
Jl   Femur;/,  Tibia ; /i,   Fibula ;  a,  Astra- 
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NodosauruSy  of  the  Laramie,  is  a  form  more  or  less  nearly  allied 
to  Stegpsaurus^  characterised  by  the  completeness  of  the  dermal 
armour,  which  consists  of  rows  of  rounded  knobs,  becoming  small 
and  quadrangular  near  the  head.     The  skull  is  unknown. 

Finally,  the  remarkable  genus  Stenopelix^  from  the  German 
Wealden,  should  perhaps  find  a  position  somewhere  in  this  neigh- 
bourhood, although  it  differs  from  all  other  members  of  this  sub- 
order by  the  presence  of  cavities  in  the  centra  of  the  caudal 
vertebrae. 

Suborder  2.  Theropoda. — The  suborder  Theropoda  holds  in 
some  respects  a  position  intermediate  between   the  Omithopoda 


Fiff.  1064.— The  left  side  of  the  pelvU  of  AUottutrus  Jrorilit ;  from  the  Upper  Jurassic  of 
North  America.  One-twelfth  natural  size.  iV,  Ilium ;  ff ,  Ischium ;  >,  Pubis ;  «,  Acetabulum. 
(After  Marsh.) 

and  the  Sauropoda,  although  its  members  are  more  nearly  allied 
to  the  latter ;  with  which,  as  already  mentioned,  it  has  been  pro- 
posed to  group  them,  under  the  name  of  Saurischia.  In  many 
respects,  such  as  the  structure  of  the  teeth,  the  form  of  the  fe- 
mur, the  occasional  presence  of  only  two  sacral  vertebrae,  and 
the  form  of  the  quadrate  bone,  certain  members  of  this  subordei: 


Digitized  by  VjOOQIC 


ORDER  DINOSAURIA.  1 165 

make  a  nearer  approximation  than  the  Sauropoda  to  the  general- 
ised Crocodilia,  although  in  their  hollow  limb-bones   they  agree 
with  the  higher  Omithopoda.     All  the   forms  were  carnivorous. 
In  the  skull  (fig.  1070)  the  premaxillse  are  fur- 
nished throughout  with  teeth,  which  are  laterally 
compressed  (fig.    1065)  and  backwardly  curved, 
with  trenchant  edges,  of  which  the  posterior,  and 
frequently  also  the  anterior,  border  is  serrated; 
the  directions  of  these  serrations  being  generally 

nearly  at  right  angles  to  the  axis  of  the  crown.  

These  teeth  are  always  implanted  in  distinct  ^.^  io65.-Laterai 
sockets ;  and  the  skull  has  a  large  preorbital  va-  "gpj^^  •  ^^  f 
cuity  (fig.  X070).  The  centra  of  all  the  vertebrae  iJSiT^''^S^  The 
are  hollowed  internally;  and  their  neural  arches  ^^^^  nfmmi 
articulate  by  zygosphenes  (diplosphenes)  corre-  »»«• 
sponding  to  those  of  the  Squamata;  while  the 
centra  {^%,  1067)  are  much  compressed  laterally.  The  limb-bones 
always  have  medullary  cavities ;  and  since  the  pectoral  limb  is  much 
shorter  than  the  pelvic,  it  is  probable  that  many  forms  were  of 
bipedal  habits,  although  some  may  have  been  quadrupedal.  In 
the  pelvis  (fig.  1064)  the  ilium  is  of  great  vertical  depth,  and  has  a 
short  preacetabular  process ;  while  the  pubis  is  directed  downwards 
and  forwards,  and  unites  with  its  fellow  in  a  long  bony  symphysis, 
which  is  generally  extended  up  the  anterior  face  of  the  two  bones ; 
thus  causing  them  to  have  the  appearance  of  an  elongated  Y,  when 
seen  from  this  aspect  Both  the  pubis  and  ischium  syre  of  a  com- 
paratively short  and  slender  type  of  structure,  and  the  latter  usually 
has  an  obturator  process  like  that  of  the  Omithopoda.  The  astra- 
galus is  usually  closely  applied  to  the  tibia,  and  not  unfrequently 
gives  off  a  long  flattened  process  lying  on  the  anterior  face  of  the 
latter  bone,  and  thus  resembles  the  condition  found  in  young 
Ratite  Birds  before  the  anchylosis  of  the  two  bones  has  taken 
place.  The  metatarsals  are  elongated,  and  the  feet  digitigrade.  In 
the  manus  the  number  of  the  digits  varies  from  four  to  five ;  while 
in  the  pes  there  may  be  either  three  or  five.  And  in  all  cases  their 
terminal  phalangeals  are  furnished  with  curved  claws,  which  in  the 
manus  are  very  long  and  prehensile,  and  were  apparently  adapted 
for  the  seizure  and  retention  of  the  living  prey. 

It  may  further  be  observed  that  while  the  cervical  vertebrae  are 
frequently  shorter  than  the  dorsals,  as  in  the  Omithopoda,  yet  they 
are  sometimes  longer,  like  those  of  the  Sauropoda ;  while  the  ver- 
tebral arches  in  the  sacrum  are  occasionally  supported  by  single 
centra,  as  in  the  latter.  Finally,  the  femur,  which  may  be  either 
somewhat  longer  or  shorter  than  the  tibia,  is  generally  of  a  more 
Crocodilian  type— especially  shown  in  its  flattened  head — than  in 
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Fig.  1066. —Outer 
aspect  of  the  crown 
of  a  tooth  of  Theco- 
domiataurus  platyo' 
dan  ;  from  the  Lower 
Keuper  near  BristoL 


any  other  Dinosaurs,  although  it  has  a  distinct  inner  trochanten 
In  all  cases  the  dorsal  vertebrae  are  amphicoelous. 

Family  ANCHiSAURiDiC. — The  least  specialised  forms  constitut- 
ing this  family,  of  which  the  name  must  be  considered  provisional, 
are  mainly  known  from  beds  of  Triassic  age,  and 
M^  are  typically  represented  by  the  North  American 

^■^  genus  Anchisaurus  {Amphisaurus),     The  cervical 

^H  ^k  vertebrae  are  amphicoelous ;  the  pubes  are  slender 

nV  n  rod-like  bones ;  and  there  are  five  digits  in  both 
■P  (H  the  manus  and  the  pes.  The  teeth  (fig.  1066) 
V^^^P  usually  have  comparatively  thick  and  short  crowns, 

with  a  slightly  convex  posterior  border,  and 
more  or  less  oblique  serrations,  which  occupy  the 
whole  of  both  borders.  Thecodontosaurus  occurs 
in  the  Lower  Keuper  near  Bristol ;  the  teeth  of 
the  type  species  being  much  smaller  than  the  one 
figured  in  the  woodcut  Anchisaurus  (which,  according  to  Profes- 
sor Marsh,  is  identical  with  a  form  described  at  an  earlier  date  un- 
der the  preoccupied  name  Megadactylus)  occurs  in  the  reputed  Trias 

of  the  United  States ;  but  no  evidence 
has  yet  been  presented  to  show  how 
it  differs  from  the  European  genus. 
The  writer  last  quoted  includes  in  this 
family  the  American  Triassic  genera 
Bathygnathm  and  Clepsysaurus^  both 
of  which  are  still  very  imperfectly 
known.  Here  may  be  mentioned  the 
genus  Massospondylus^  from  the  Karoo 
system  of  South  Africa  and  the  Maleri 
stage  of  the  Gondwana  system  of  India, 
of  which  a  tooth  is  shown  in  fig.  976 
(p.  1049),  and  the  centrum  of  a  dorsal 
vertebra  in  fig.  1067.  These  vertebrae 
approximate  to  those  of  MegalosauruSy 
and  have  a  fusiform  internal  cavity. 

Finally,  it  is  highly  probable  that 
an  amphicoelous  cervical  vertebra  ob- 
tained from  beds  of  unknown  Meso- 
zoic   age   in  Bathurst  Island,  Arctic 
America,   and    described    under  the 
name    of    Arctosaurus^    indicates    a 
Dinosaur  more  or  less  closely  allied 
to  the  present  or  following  family.     This  vertebra  agrees  approxi- 
mately in  size  with  that  of  Caiamospondylus  {f\%.  107 1),  but  has  free 
cervical  ribs  and  a  neural  spine ;  the  length  and  curvature  of  the 


Fig.  1067.— Lateral  and  inferior  as- 
pects of  the  centrum  of  a  dorsal  verte- 
bra o^Massospondylus  carifiatus  ;  from 
the  Karoo  system  of  Basutoland.  One- 
half  natural  size. 
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centrum  being  indicative  of  a  long  and  arched  neck.  The  occur- 
rence of  a  Dinosaur  so  far  north  is  of  extreme  interest,  as  serving  to 
show  how  genera  common  to  the  Old  and  New  Worlds  may  have 
migrated  from  the  one  hemisphere  to  the  other. 

Family  MEGALOSAURiDiC. — In  this  family  the  cervical  vertebrae 
are  (when  known)  shorter  than  the  dorsals,  and  may  be  either 
imphi-  or  opisthocoelous ;  while  the  dorsals  often  have  prominent 
ridges  at  the  base  of  the  arches,  between  which  are  deep  pits ;  the 
vertebral  centra,  as  in  the  last  family,  having  a  fusiform  internal 
cavity.  In  the  pelvic  limb  of  the  type  genus,  the  femur  is  of  a  re- 
markably Crocodilian  type,  and  is  longer  than  the  tibia.  The  crowns 
of  the  teeth  (fig.  1065)  are  more  or  less  tall,  and  much  compressed, 
with  the  posterior  border  distinctly  concave,  and  the  serrations, 
which  are  nearly  at  right  angles  to  the  axis  of  the  crown,  usually 
wanting  at  the  lower  part  of  the  anterior  border.  In  the  Lower 
Keuper  of  England  we  meet  with  Falaosaums  (with  which  Cladyodon 
of  the  same  deposits  may  be  identical),  of  which  only  detached  teeth 
are  known.     In  the  Upper  Keuper  of  the  Continent  there  occurs 

the  comparatively  generalised  genus  Zanclodon  {Teratosaurus\  which 

is  not  improbably  iden- 

tical  with  Plateosaurus^  ^  Ov 

in  which  case  the  latter  v^  I  j 

name  should  be  adopt-  k  ^     ^k^         C 

ed.     The  serrations  on 

the  anterior  borders  of 

the  crowns  of  the  teeth 

continue  nearly  to  the 

base;  the  cervical  ver- 
tebrae   are     amphicoe- 

lous ;  there  are  but  two 

vertebrse  in  the  sacrum ; 

and  the  astragalus  does 

not  give  off  a  process 

ascending  on  to  the  anterior  surface  of  the  tibia.      One  of  the 

species  was  fully  as  large  as  Megalosaurus,  and  the  genus  was 
probably  represented  in  the  Lower  Lias  of  Dorsetshire.  The  small 
E^campadon  (Ankistrodon\  of  the  Panchet  stage  of  the  Indian 

Gondwanas,  has  teeth  (fig.  1068)  of  a  Megalosauroid  type,  in  which 
the  serrations  are  totally  absent  from  the  anterior  border,  and  do 
not  extend  to  the  base  of  the  posterior  border. 

The  type  genus  Megalosaurus  has  been  rendered  classic  through 
the  labours  of  the  late  Professors  Buckland  and  Phillips,  and  affords 
an  excellent  and  instructive  instance  of  the  gradual  restoration  of 
the  skeleton  of  an  extinct  and  uncouth  form  from  more  or  less 
fiagmentary  remains.    In  Europe  this  genus  ranges  from  the  Stones- 


Fig.  X068. — Fragment  of  the  mandible  of  Epicatupodim 
indicus ;  from  the  Panchet  beds  of  the  Gondwanas.  Three 
times  natural  size.  a,  Lateral ;  b,  Posterior  aspect ;  c, 
Transverse  section  of  tooth.    (After  Huxley.) 
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field  Slate  (Lower  Jurassic)  of  England  to  the  topmost  Cretaceous 
of  Maastricht  in  Holland ;  and  has  also  been  recorded  from  the 
Upper  Cretaceous  of  Southern  India.  There  is  good  evidence  of 
the  existence  of  two  species  in  the  Wealden.  An  attempt  at  a 
restoration  of  the  skeleton  of  the  type  species  is  shown  in  the 
accompanying  woodcut  The  North  American  AUosaurus  (of  which 
the  pelvis  is  represented  in  fig.  1064)  appears  to  be  a  closely 
allied  form  of  Upper  Jurassic  age.  The  nearly  entire  skeletons 
of  the  latter  and  other  American  forms  have  shown  that  certain 
very  excusable  errors  were  made  in  the  restoration  of  the 
imperfect  elements  of  the  skeleton  of  the  English  genus ;  and 
it  is  quite  evident  that  the  skull  of  Megalosaurus  must  have 

had  an  inferior  temporal  arcade, 
and  that  it  approximated  more 
or  less  closely  to  that  of  CeraUh 
saurus  {fig.  1070),  although  the 
bony  processes  of  the  latter 
may  have  been  wanting.  In  the 
teeth  {hg,  1065)  the  serrations 
on  the  anterior  border  are  in 


*^  ^!*? 


Fig.  X069. — Rtttoration  of  the  skeleton  o^  Mtfmiosaurtu  BuckUmdi;  from  the  StonesfieM 
Slate.    Greatly  reduced. 

some  cases  confined  to  the  upper  half  of  the  crown,  but  in  others 
extended  nearly  throughout  Typically  there  are  five  vertebrae  in 
the  sacrum  ;  the  cervical  vertebrae  are  opisthocoelous ;  the  astragalus 
has  a  process  ascending  on  to  the  tibia ;  and  there  were  three  digits 
in  the  pes  and  probably  four  in  the  manus.  In  the  North  American 
Creosaurus  we  have  an  allied  Upper  Jurassic  genus,  in  which  the 
postcervical  vertebrae  have  very  deep  depressions  on  the  sides  of  their 
centra;  and  there  are  but  two  sacral  vetebrae.  In  Ceratosaurus^ 
of  the  Upper  Jurassic  of  North  America,  the  skull  (fig.  1070)  is 
remarkable  for  carrying  a  single  bony  protuberance  behind  the 
terminal  nares,  and  a  pair  of  similar  protuberances  directly  in  ad- 
vance of  the  orbits ;  while  the  mandible  has  a  lateral  vacuity  like 
that  of  the  Crocodilia.  Professor  Marsh  believes  that  the  pro- 
tuberances on  the  skull  supported  horns.  In  the  type  specimen  the 
three  pelvic  bones  and  the  metatarsals  were  respectively  anchylosed 
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together ;  but  this  may  perhaps  be  due  to  a  pathological  peculiarity 
of  the  individual.  This  genus  is  regarded  by  its  describer  as  the 
type  of  a  distinct  family — the  Ceratosaurida,  Here  may  be  men- 
tioned a  small  and  imperfectly  known  Dinosaur  from  the  Wealden 
for  which  the  name  Aristosuchus  has  been  proposed.  The  type 
specimen  comprises  the  sacrum  and  part  of  the  pelvis.  It  is  con- 
sidered by  its  describer  that  the  sacrum  includes  five  vertebrae, 
while  thie  pelvic  bones,  which  have  a  long  ventral  symphysis,  were 
originally  described  as  pubes,  although  it  has  been  subsequently 
suggested  that  they  may  be  ischia.  The  dorsal  vertebrae  referred 
to  this  form  by  Sir  R.  Owen  have  a  fusiform  internal  cavity  in  the 
centrum,  but  it  has  been  recently  suggested  that  this  reference  is 


Fis.  107a — Left  lateral  view  of  skull  of  Ctratotaurus  nasic^mis ;  from  the  Upper  Juraxsic 
of  North  America.  One*sixth  natural  sixe.  a,  Nares ;  b^  Bony  prominence ;  c,  Preorbital 
vacoity ;  d,  Orbit ;  /»  Infratemporal  fossa ;  yj  Mandibular  vacuity ;  /,  Transverse  bone.  (After 
Manh.) 

incorrect,  and  that  this  genus  may  have  had  dorsal  vertebrae  like 
those  of  the  Ccsiurida^  in  which  case  this  form  may  be  referable 
to  Ccdurus^  in  which,  indeed,  it  has  been  placed  by  Professor 
Marsh. 

Family  CoMPSOONAXHiDiE. — This  family  is  represented  by  the 
small  Compsognathus  of  the  Lower  Kimeridgian  Limestone  of 
Bavaria,  and  the  allied  or  identical  Hallopus  of  the  Upper  Jurassic 
of  North  America.  In  the  typical  genus — known  only  by  a  single 
skeleton — ^the  cervical  vertebrae  are  opisthocoelous,  and  much  longer 
than  the  amphicoelous  dorsals,  and  have  free  cervical  ribs.  In  the 
limbs  the  femur  is  shorter  than  the  tibia,  and  both  the  manus  and 
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pes  have  only  three  functional  digits ;  the  astragalus  being  closely 
applied  to  the  tibia.  The  teeth  and  pelvis  approximate  to  the 
Megalosaurian  type.  Compsognathus  was  about  two  feet  in  total 
length ;  and  undoubtedly  hopped  on  its  pelvic  limbs,  after  the 
manner  of  a  bird.  Hallopus  is  one  of  the  few  Dinosaurs  with  only 
two  sacral  vertebrae ;  the  number  of  those  of  Compsognathus  being 
unknown. 

Family  CcELURiDiE.— This  family  is  represented  by  comparatively 
small  forms,  ranging  in  size  from  ^yt,  or  six  to  about  twelve  feet 
in  length.  They  are  characterised  by  the  vertebrae  and  ribs  being 
completely  honeycombed  by  cavities,  communicating  with  a  small 
aperture  on  the  side  of  the  centrum.  The  cervical  vertebrae  (fig. 
107 1 )  are  typically  longer  than  the  dorsals,  and  have  the  ribs 
anchylosed  to  the  arch  and  centrum,  and  the  neural  spine  reduced 
to  a  mere  ridge.     The  limb-bones  are  hollow,  and  the  pelvis  is  of 


Fig.  X071. — Anterior  and  left  lateral  ast)ects  of  a»cendcal  vertebra  of  Calamospomdylus  Fexi; 
from  the  Wealden  of  the  Isle  of  Wight.  Two-thirds  natural  size.  >r»,  Prezygapoiriiyiis ;  >^ 
Postzygapophysis ;  r,  Rib  (restored) ;  /t  Pneumatic  foramen ;  x,  Neural  spine. 

the  ordinary  Theropodous  type,  with  a  very  long  pubic  symphysis. 
The  type  genus  Coeiurus^  typically  from  the  Upper  Jurassic  of 
America,  but  also  occurring  in  the  English  Wealden,  has  the 
cervical  vertebrae  greatly  elongated,  the  first  few  being  opistho- 
and  the  remainder  amphicoelous.  In  Calamospondylus  {fig.  1071) 
the  cervicals  were  shorter,  and  were  probably  all  opisthocoelous ; 
the  one  known  species  being  from  the  English  Wealden.  Pro- 
fessor Cope  includes  in  this  family  other  small  Dinosaurs  from 
the  Trias  of  North  America,  which  he  identifies  with  Tanystro- 
phcBus^  originally  described  on  the  evidence  of  extremely  elongated 
caudal  vertebrae  from  the  German  Muschelkalk,  once  referred  to 
the  Sauropterygia.  In  these  forms  all  the  cervical  vertebrae  were 
amphicoelous ;  and  the  femur  has  an  inner  trochanter.  Mega- 
dactylusy  which  Professor  Cope  regards  as  identical  with  these 
forms,  is,  as  already  mentioned,  identified  by  Professor  Marsh  with 
Anchisaurus, 

Suborder  3.  Sauropoda. — With  the  third  and  last  suborder  we 
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enter  upon  the  consideration  of  the  largest  known  Dinosaurs,  and 
those  which  make  so  many  marked  approximations  to  the  more 
generalised  Crocodilia  as  to  show  how  close  is  the  relationship 
between  that  order  and  the  Dinosauria.^  The  skull  (fig.  1076) 
agrees  with  that  of  the  Theropoda  in  having  the  premaxillae  com- 
pletely toothed,  and  also  in  the  presence  of  a  large  preorbital 
vacuity ;  but  the  external  nares  formed  long  slits  in  the  fore  part  of 
the  skull  as  in  Ornithosaurs  and  Birds.  The  teeth  are  invariably 
set  in  distinct  sockets  and  are  of  a  sp^tulate  form,  without  marginal 
serrations  (fig.  1072).  The  sternal  bones  are  ovate.  All  the  ver- 
tebrae in  advance  of  the  sacrum,  and  sometimes  those  of  that  region 
also,  have  a  large  vacuity 
on  each  side  of  the  cen- 
trum communicating  with 
a  series  of  internal  cavities, 
which  give  a  honeycomb- 
like structure  to  the  whole  Fig.  X073.— Outer  side  of  a  tooth  of  Morosaurut 
iMk.^Ak*»  Tk:»  ^ffr^^A^  n  grandis;  from  the  Upper  Jurassic  of  North  America. 
vertebra.        IhlS   affords    a      tine-halfnaturalsiae.    (After  Marsh.) 

combination   of    strength 

and  lightness  in  the  massive  supports  necessarily  required  for  the 
huge  ribs,  limbs,  and  muscles,  which  could  not  have  been  attained 
in  any  other  manner.  All  the  anterior  vertebrae  are  opisthocoelous ; 
and  in  the  cervical  region  the  ribs  are  anchylosed  to  the  vertebrae, 
which  have  no  neural  spines,  and  are  longer  than  the  dorsals ;  while 
the  spines  of  the  latter  are  laterally  expanded ;  and  in  the  sacrum 
each  centrum  supports  its  own  arch.  The  limb  bones  are  solid ; 
and  since  the  pectoral  limb  is  not  much  shorter  than  the  pelvic,  it 
appears  that  these  Reptiles  were  habitually  quadrupedal.  All  the 
feet  were  plantigrade,  and  furnished  with  five  digits ;  those  of  the 
pes  being  terminated  by  large  curved  claws.  The  ilium  (fig.  1073) 
has  its  upper  border  only  moderately  arched  and  its  postacetabular 
portion  short;  while  the  pubis  (fig.  1073),  which  is  directed  down- 
wards and  forwards,  is  stout  with  a  comparatively  small  distal  expan- 
sion, where  it  unites  by  a  cartilaginous  symphysis  with  its  fellow  of 
the  opposite  side.  The  ischium  (fig.  1073)  is  likewise  a  stout  bone 
agreeing  with  that  of  the  Crocodilia  in  the  absence  of  an  obturator 
process ;  and  the  two  ischia  have  a  peculiar  incurving  of  their  distal 
extremity  where  they  meet  in  a  symphysis. 

It  may  be  observed  that  in  the  lateral  views  of  the  pelvis  shown  in  the 
figures,  where  the  bones  are  drawn  more  or  less  nearly  in  a  vertical 
l^e,  it  is  impossible  to  give  a  true  idea  of  the  peculiar  contour  of  the 
distal  extremity  of  the  pubis  and  ischium.  These  bones  are  really  con- 
cave from  above  downwards  on  the  outer  (figured)  aspect,  and  convex  on 


^  Profenor  Cope  would  include  the  Sauropodous  Dinosaurs  in  the  Crocodilia. 
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the  inner  aspect ;  and  owing  to  a  confusion  between  the  proper  inner 
and  outer  sides  of  the  English  specimens,  only  recently  cleared  up,  it 
has  been  considered  by  some  palaeontologists  that  there  was  an  essential 
difference  between  the  structure  of  the  pelvis  of  the  English  and  Amer- 
ican forms. 

The  femur  in  its  straight  shaft  and  absence  of  an  inner  trochanter 
likewise  resembles  to  a  considerable  extent  that  of  the  Crocodilia  ; 


Fiff.  1073.— The  left  side  of  the  pelvis  of  Brvnifisannu  txcilsus;  from  the  U^per  Jurassic  of 
North  America.  One-sixteenth  natural  sixe.  a,  Acetabulum ;  t'A  Ilium ;  ix,  Ischium ;  /,  F'ubis; 
/t  Foramen  in  do.    (After  Marsh.) 

although  its  head  is  not  laterally  compressed  to  the  same  extent,  nor 
placed  so  obliquely  to  the  distal  condyles. 

In  time  this  suborder  ranges  from  the.  Upper  Trias  to  the  Cre- 
taceous, and  it  is  especially  well  represented  in  the  Kimeridge  Clay 
and  Wealden  of  Europe. 
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Family  AxLANXosAURiDiE. — This  name  may  be  provisionally 
adopted  for  a  family  which  is  represented  by  the  genera  Atlanto- 
saurus,  Apatosaurus^  and  BrontosauruSy  of  the  Upper  Jurassic  of 
North  America,  as  well  as  by  allied  European  types.  In  these  huge 
forms  the  ischium  (fig.  1073)  is  directed  downwards,  and  its  shaft  is 
thick  and  not  bent  upon  itself;  while  the  humerus  is  comparatively 
slender  ;  and  the  chevrons  of  the  caudal  vertebrae  have  their  superior 
extremities  united.     The  teeth  have  the  summit  of  the  crown  not 


Fig.  1074.— Posterior  view  of  an  anterior  dorsal  vertebra  of  Camarasaurut  su^mus;  from 
the  Upper  Jurassic  of  North  America.    Reduced.    (After  Cope.) 

much  incurved.  Apparently  closely  allied  to,  if  not  identical  with, 
some  of  the  above-mentioned  genera  are  Amphimlias  and  Catnara- 
saurus  of  the  same  formations.  An  anterior  dorsal  vertebra  of 
the  latter  genus  is  represented  in  the  accompanying  woodcut ;  this 
vertebra  is  transitional  between  the  cervicals  and  later  dorsals,  the 
neural  spine  of  the  latter  being  absent 

Professor  Marsh  estimates  the  total  length  oi  Brontosaurus  at  upwards 
of  fifty  feet,  and  its  weight  at  more  than  twenty  tons  ;  and  Pelorosaurus^ 
of  the  English  Wealden,  must  have  been  fully  equal  to  these  dimensions. 
In  respect  of  the  former,  the  learned  American  palaeontologist  observes, 
^  that  the  animal  at  times  assumed  a  more  erect  position  than  is  repre- 
sented in  the  restoration  is  probable,  but  locomotion  on  the  posterior 
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limbs  alone  was  hardly  possible.  The  head  was  remarkably  small  The 
neck  was  long,  and,  considering  its  proportions,  flexible ;  and  was  the 
lightest  portion  of  the  vertebral  column.  The  body  was  quite  short,  and 
the  abdominal  cavity  of  moderate  size.  .  .  .  Each  footprint  must  have 
been  about  a  square  yard  in  extent  The  tail  was  large,  and  nearly  all 
the  bones  were  solid.  The  diminutive  head  will  first  attract  attention,  as 
it  is  smaller  in  proportion  to  the  body  than  in  any  vertebrate  hitherto 
known.  The  entire  skull  is  less  in  diameter  or  actual  weight  than  the 
fourth  or  fifth  cervical  vertebra.  .  .  .  The  very  small  head  and  brain, 
and  slender  neural  cord,  indicate  a  stupid,  slow-moving  reptile.  The 
beast  was  wholly  without  offensive  or  defensive  weapons,  or  dermal 
armature.  In  habits,  Brontosaums  was  more  or  less  amphibious,  and  its 
food  was  probably  aquatic  plants  or  other  succulent  vegetation.  The 
remains  are  usually  found  in  localities  where  the  animals  had  evidently 
become  mired." 

Of  still  more  stupendous  bulk  is  Atlantosaums  immanis^  the  femur 
of  which  has  the  enormous  length  of  six  feet  two  inches,  and  thus 


Fig.  1075. — Inner  (a),  outer  {b\  and  profile  (c)  views  of  a  tooth  of  HopUsaurtu 
from  the  Wealden  of  the  Isle  of  Wight    (After  Wright.) 


armaiut; 


indicates  one  of  the  largest  land  animals  yet  known  ;  the  only  form 
which  could  possibly  have  exceeded  it  being  the  Cretaceous  Truer- 
atops  mentioned  above.     It  is  by  no  means  clear  that  all  these 
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American  types  are  generically  distinct  from  those  to  be  now 
mentioned. 

We  may  now  proceed  to  the  consideration  of  certain  European 
Dinosaurs  which  from  their  more  or  less  close  alliance  to  the  pre- 
ceding forms  appear  to  belong  to  the  same  family,  although  opinions 
to  the  contrary  have  been  expressed.  It  may  be  observed  in  this 
connection  that  the  study  of  all  the  European  Sauropoda  is  beset 
with  almost  insurmountable  difficulties  owing  to  the  circumstance 
that  nearly  all  the  specimens  are  disassociated,  and  that  genera  and 
species  have  been  named  on  the  evidence  of  single  teeth,  vertebrae, 
or  bones  of  the  limbs  or  limb-girdles,  so  as  not  to  admit  of  com- 
parison with  one  another.  Moreover,  the  unwieldy  bulk  of  the 
specimens  themselves  is  a  bar  to  an  exact  comparison,  even  when 
they  are  strictly  comparable  one  with  another. 

The  tooth  from  the  Wealden  of  the  Isle  of  Wight,  represented 
of  the  natural  size  in  fig.  1075,  has  been  made  the  type  of  the 
genus  Hoplosaurus  {Oplosaurus)^  and  it  appears  almost  certain  that 
cervical  and  dorsal  vertebrae,  and  a  pelvis  from  the  same  deposits, 
described  under  the  names  of  Ornithopsis  Hulkei  and  O,  eucamerotuSy 
are  referable  to  the  same  form.  These  remains  indicate  a  Reptile 
of  considerably  smaller  dimensions  than  Brontosaurus^  having  a 
pelvis  which  approximates  in  structure  to  that  of  Atlantosaurus, 
The  ischium,  which  has  the  downward  direction  characteristic  of 
the  present  family,  has  a  length  of  27  inches,  and  is  comparatively 
wide  in  proportion  to  the  pubis.  The  genus  Pelorosaurus  is  typified 
by  a  huge  humerus  from  the  Wealden  of  Sussex,  measuring  some 
54  inches  in  length,  which  would  appear  far  too  large  for  the  type 
species  of  Hoplosaurus}  A  slightly  larger  humerus  from  the  Kim- 
eridge  Clay,  originally  described  as  Cetiosaurus  humerocristatus^ 
appears  generically  inseparable  from  Pelorosaurus^  and  its  owner 
was  in  all  probability  very  closely  allied  to  an  equally  large  form 
from  the  Oxford  Clay,  described  upon  the  evidence  of  the  pelvis  as 
Ornithopsis  Leedsi,  Of  the  latter  the  lumbar  and  caudal  vertebrae 
are  also  known,  and  approximate  closely,  both  in  size  and  contour, 
to  those  of  Brontosaurus^  the  lumbars  having  a  diameter  of  nearly 
12  inches  across  the  centrum.  In  the  pelvis  the  ischium  measures 
nearly  36  inches  in  length,  and  is  also  narrower  in  proportion  to  the 
pubis  than  in  Hoplosaurus— dx^^i^nz^^  which,  coupled  with  others, 
may  probably  be  regarded  as  of  generic  value.  Referring  all  these 
formsy  at  least  provisionally,  to  Pelorosaurus^  it  would  appear  that  this 
genus  includes  very  large  Dinosaurs  closely  allied  both  in  vertebral 
and  pelvic  characters,  as  well  as  in  point  of  size,  to  Brontosaurus^  al- 

^  Compare  the  proportions  of  this  bone  and  of  the  ischium  mentioned  below 
with  the  corresponding  dimensions  of  other  Dinosaurs  given  in  the  table  on  the 
next  page. 
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though  it  is  probable  that  the  humerus  was  relatively  longer.  Teeth 
from  the  Kimeridgian  of  Boulogne,  upon  the  evidence  of  which  the 
genus  Neosodon  was  founded,  but  which  were  subsequently  identified 
with  American  forms  described  as  Caulodon^  are  probably  referable 
to  the  same  species.  Small  vertebrae  from  the  Kimeridge  Clay  of 
Swindon,  upon  which  the  genus  Bothriospondylus  was  established, 
may  perhaps  be  referable  to  a  very  young  individual  of  Felorosaurus 
humerocristatus ;  while  a  comparatively  small  humerus  from  the 
same  deposits,  originally  described  under  the  preoccupied  name  of 
Ischyrosaurus,  may  indicate  a  smaller  species  of  the  same  genus. 
Finally,  of  the  Kimeridgian  remains  described  as  Gigantosaurus, 
while  some  may  be  referable  to  P,  humerocristatus,  a  sacral  vertebra 
may  belong  to  the  smaller  F,  Manseli  above  mentioned. 

The  following  table  gives  the  dimensions  of  some  of  the  bones  of  certain 
of  the  above-mentioned  forms,  together  with  those  of  others  noticed  below 
under  the  head  of  the  CetiosaurulcB : — 


Length  of  scapula    . 

II        humerus  . 

11        ischium   . 

II        femur 

Width  of  dorsal  centrum 

II        lumbar     ti 

II        caudal       m 


74 


60 

50? 

40 

70? 

13 

14 

12 


54 


57 
3S'S 


ii.S^ 


27 


U 


45 
36 

30.S 
46 


S4 

51.5 
39? 
fi4 


?io 


Family  DiPLODOCiDiE. — The  genus  Dipiodocus,  from  the  Upper 
Jurassic  of  North  America,  is  typically  represented  by  a  species  of 
smaller  size  than  many  of  the  preceding  forms,  and  is  regarded  by 
Professor  Marsh  as  the  type  of  a  family.  It  was  originally  con- 
sidered that  the  external  nares  were  single,  and  situated  at  the  top 
of  the  skull  between  the  orbits  {^g,  1076) ;  but  it  now  appears  that 
they  really  formed  long  narrow  slits  between  the  premaxillae,  nasals, 

"  Caudal  vertebrae  of  a  larger  individual  are  nearly  equal  in  size  to  those  of 
Brontosaurus, 
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and  maxillse,  after  the  fashion  obtaining  in  Pterodactyles  and  Birds. 
And  it  is  probable  that  a  similar  arrangement  exists  in  the  other 
members  of  the  suborder.  It  will  be  observed  from  the  figure 
that  the  jugal  bifurcates  posteriorly  to  form  the  anterior  and  inferior 
borders  of  the  orbit;  while  the  quadratojugal  joins  the  maxilla 
without  the  intervention  of  the  jugal,  which  is  thrust  up.  These 
peculiar  features  are  repeated,  as  will  be  noticed  below,  in  one 
genus  of  the  Ornithosauria.     The  pelvis  is  of  the  general  type  of 


Ftf.  1076.— Left  lateral  aspect  of  the  skull  of  Diflodocus  longut ;  from  the  Upper  Turassic  oi 
North  America.    One-sixth  natural  tise.    The  position  of  the  nares  at  the  top  of  tne  skull  is 


(After  Manh.) 


that  of  the  last  family  3  but  the  distal  extremity  of  the  ischium  is 
not  expanded. 

Family  CEXiosAURiDiE. — This  family  is  typically  represented  by 
the  English  genus  Cetiosaurus^  which,  so  far  as  can  be  determined 
from  the  characters  of  the  scapula  and  pelvis,  appears  to  be  so 
nearly  related  to  the  American  Morosaurus  that  there  seems  every 
reason  for  including  the  latter  in  the  same  family.  Cetiosaurus 
occurs  typically  in  the  Lower  Jurassic  Great  Oolite,  and  Forest- 
Marble  of  Oxfordshire  and  Northamptonshire,  where  we  meet  with 
the  huge  C.  oxoniensis.  Comparatively  small  teeth  from  the  same 
deposits,  described  under  the  earlier  name  of  Cardiodon  rugulosusy 
are  of  the  same  general  type  as  those  of  Hoplosaurus^  but  have  rela- 
tively smaller  crowns,  with  a  more  incurved  summit,  and  are  clearly 
distinct  from  the  last-named  genus.  Professor  Phillips  referred 
teeth  of  this  type  to  C  oxoniensis^  but  from  their  small  size  they 
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would  agree  better  with  a  dorsal  vertebra  from  the  same  deposits 
subsequently  described  as  Bothriospondylus  robustus.  This  vertebra 
is  somewhat  longer  than  the  dorsals  of  C,  oxoniensis,  but  need  not 
be  generically  distinct.  In  Cetiosaurus  the  caudal  vertebrae  have 
no  distinct  postzygapophyses,  and  articulate  by  two  facets  with  the 
chevrons,  of  which  the  upper  extremities  are  not  united,  as  in  Cro- 
codiles. The  scapula  is  much  expanded  at  its  distal  extremity,  and 
the  humerus,  though  long,  is  wider  and  shorter  than  in  the  Euro- 
pean forms  mentioned  among  the  Atlantosaurida.  The  ischium 
appears  to  be  of  the  same  general  type  as  that  of  Morosaurus  (fig. 


Fig.  1077.— The  left  ude  of  the  pelvis  of  Morosaurus  grtmdis ;  from  the  Upper  Jaras 
North  America.    One-sixteenth  natural  size.    a.  Acetabulum ;  iV,  Ilium ;  is.  Ischinm ;  >,  y. 
Pubis.    (After  Marsh.) 


1077),  in  which  the  shaft  is  bent  backwards  and  has  no  distal 
expansion,  while  the  symphjeis  does  not  extend  to  the  extremity ; 
thus  causing  the  niiddle  of  the  acetabular  part  to  be  far  above  the 
axis  of  the  shaft 

The  typical  species  of  Cetiosaurus  is  comparatively  well  known  through 
the  labours  of  the  late  Professor  Phillips.  This  huge  reptile  was  perhaps 
somewhat  smaller  than  Pelorosaurus  ;  and  it  was  inferred  from  the  well- 
ossified  extremities  of  the  limb-bones,  the  free  projection  of  the  head  of 
the  femur  into  the  acetabulum,  and  the  large  terminal  claws,  diat  this 
creature  was  of  terrestrial  or  subaquatic  habits,  and  that  it  probably 
dwelt  on  the  banks  of  lakes  or  rivers  among  brakes  of  ferns,  cycads,  and 
conifers.    From  the  structure  of  a  tooth  (Cardiodon)  found  in  the  same 
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beds,  the  Cetiosaur  was  inferred  to  have  been  of  herbivorous  habits. 
How  remaikably  these  conclusions  have  been  confirmed  by  the  discovery 
of  the  allied  American  forms,  is  now  a  matter  of  history. 

In  the  Wealden  sacral  and  caudal  vertebrae  of  the  general  type 
of  those  of  Cetiosaurus,  described  under  the  name  of  Cetiosaurus 
hrvis,  indicate  a  smaller  form  than  Hoplosaurus,  It  is  probable 
that  a  dorsal  vertebra  from  the  same  deposits,  described  as  Bothrio- 
spotufyius  elangatus^  as  well  as  a  humerus  and  other  bones  of  the 
pectoral  limb,  to  which  the  name  Morosaurus  Becklesi  has  been 
applied,  are  referable  to  the  same  form,  which  would  appear  to  be 
generiadly  distinct  from  Cetiosaurus^  and  may  be  known  as  Moro- 
saurus brims.  The  dimensions  of  some  of  the  bones  are  given  in 
the  table  on  p.  11 76.  An  ilium,  from  the  same  beds,  closely 
resembles  that  of  the  American  genus,  and  probably  belongs  to 
the  same  form.  In  North  America,  Morosaurus  and  the  small 
Pkurocalus  are  characteristic  of  the  Upper  Jurassic.  The  dorsal 
vertebrae  of  the  latter  are  relatively  elongated,  and  do  not  exceed 
five  inches  in  length;  those  of  one  species  being  remarkable  for 
their  very  low  neural  arches.  Small  teeth 
from  the  Wealden  (fig.  1078),  once  referred  to 
Hylaosaurusy  probably  belong  to  a  species  of 
PUuroadus.  These  teeth  are  less  spoon-shaped, 
and  approximate  more  to  a  compressed  cone 
than  diose  of  Morosaurus  (fig.  1072) ;  and  the 
genus  PUuroaelus  includes  the  smallest  repre- 
sentatives of  the  suborder.  The  pelvis  of 
Morosaurus  is  shown  in  fig.  1077;  the  teeth 
(fig.  1072),  although  considerably  larger  than     ^.        „     ^ 

*!.  e     >^      J'   J  jx      nt  f  i-i_-.        Fi£.   1078. -Outer   and 

those  of  Cardtodon  and  FUurocalus^  exhibit  profile  views  of  a  tooth  of 
the  same  incurving  of  the  crown.  fr^TEf  WeaidSJ'^" ' 

In  the  preceding  forms  the  centra  of  the 
caudal  vertebrae  are  amphicoelous ;  but  Titanosaurus^  originally  de- 
scribed fi-om  the  Cretaceous  of  India,  and  subsequently  found  in 
the  English  Wealden  and  Upper  Greensand,  has  procoelous  centra 
to  these  vertebrae.  The  femur  of  this  genus  indicates  an  animal  as 
large  as  Cetiosaurus, 

Remains  of  other  Cretaceous  Sauropoda  have  received  distinct 
generic  names,  but  some  of  them  may  be  identical  with  the  above- 
mentioned  types.  Thus  we  have  Dinodocus  based  on  broken  bones 
fixxn  the  Lower  Greensand  of  Kent ;  and  jEpysaurus  founded  on  a 
humerus  from  the  French  Cretaceous.  Macrurosaurus,  from  the 
Cambridge  Greensand,  is  a  smaller  form,  with  imperfectly  procoelous 
caudal  vertebrae.  Finally,  the  name  Thecospondylus  has  been  ap- 
plied to  a  specimen  from  the  Wealden,  of  which  even  the  subordinal 
position  cannot  be  determined,  although  it  has   been  suggested. 
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without  sufficient  foundation,  that  it  indicates  a  form  allied  to 
Cctlurus, 

Order  IX.  Crocodilia. — The  Crocodiles  of  the  present  day 
are  well-known,  lacertiform  Reptiles  inhabiting  the  lakes,  rivers, 
and  marshes  of  the  warmer  regions  of  the  globe;  and  are  the 
largest  existing  representatives  of  the  entire  class.  If  we  had  only 
these  existing  and  specialised  forms  to  deal  with,  we  should' have 
no  difficulty  in  giving  a  concise  definition  which  would  separate  the 
order  to  which  they  belong  from  the  Dinosauria.  There  occur, 
however,  in  the  Trias  a  number  of  generalised  forms  which  ap* 
proximate  so  closely  to  the  latter  order  as  to  render  such  definition 
extremely  difficult ;  and  it  is  quite  possible  that  some  of  the  under- 
mentioned characters  are  not  applicable  to  the  first  suborder.  The 
order  is  sometimes  known  as  the  Emydosauria. 

In  all  the  forms  the  limbs  and  body  (fig.  1079)  are  of  a  lacerti- 
form type,  the  former  being  very  short,  and  the  latter  long  and 


Fig.  1079. — Head  and  fore-part  of  the  body  (a)  and  hind  foot  (b)  of  CrocodUu*  parosnsl 
from  Madras.    Much  reduced.    (After  Ganther.) 

carried  close  to  the  ground ;  while  the  tail  is  relatively  long.  With 
the  exception  of  a  few  later  Jurassic  forms,  the  dorsal  aspect  of  the 
body  carries  a  dermal  armour  of  articulating  or  imbricating  bony 
scutes,  arranged  in  two  or  more  longitudinal  rows  (fig.  1079),  and 
marked  on  their  outer  surface  by  a  series  of  deep  pits.  In  certain 
cases  there  may  also  be  an  armour  of  similar  type  developed  on  the 
ventral  surface  of  the  body.  The  centra  of  the  vertebrae  are  either 
amphi-  or  procoelous,  and  the  neuro-central  suture  is  persistent. 
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The  cervical  vertebrae  have  double  pedunculate  costal  tubercles, 
situated  one  on  the  centrum  and  the  other  on  the  arch ;  and  the 
cervical  ribs  have  long  processes  projecting  anteriorly  and  pos- 
teriorly, which  completely  prevent  the  head  from  being  turned 
sideways.  In  the  dorsal  region  usually  the  four  anterior  vertebrae 
have  the  transverse  process  for  the  articulation  of  the  tubercle  of 
the  rib  placed  on  the  arch,  while  there  is  a  lower  process,  or  rib- 
facety  on  the  centrum  for  the  capitulum  of  the  rib ;  but  posteriorly 
this  rib-facet  rises  on  to  the  arch,  and  in  the  middle  dorsals  forms 
a  kind  of  "  step "  on  the  transverse  process,  while  still  more  pos- 
teriorly it  merges  with  the  tubercular  facet  The  dorsal  ribs  have 
uncinate  processes,  like  those  of  Birds ;  and  the  chevron-bones  of 
the  caudal  region  usually  have  the  upper  limbs  of  the  Y  not  united 


Wtg,  xoBo.— Ublique  leu  lateral  and  supenor  view  of  the  skull  xA  Crocodtlus  paluttnsl  India. 
Much  reduced,  llie  small  paired  apertures  to  the  right  are  the  supratemporal  fossae,  m  ad- 
vance  of  which  are  the  orbits  communicating  posteriorly  with  the  infratemporal  fosse. 

by  bone.  Normally  the  sacrum  has  but  two  vertebrae.^  The  skull 
(fig.  1080)  is  relatively  large  in  proportion  to  the  body,  and  is 
usually  much  depressed;  its  component  bones  are  firmly  united, 
and  generally  have  a  characteristic  sculpture  on  their  external 
surface.  The  palatines  and  pterygoids  unite  in  the  middle  line, 
and  thus  close  the  palate ;  and  very  frequently  one  or  both  of  these 
paired  bones  develop  inferior  plates,  which  meet  beneath  the  narial 
passages  (fig.  1089).  The  quadrate  is  tightly  wedged  in  among 
the  adjacent  bones ;  the  tympanic  cavities  usually  communicate  with 
the  mouth  by  three  eustachian  canals  \  the  mandibular  symphysis 
unites  by  suture;  and  there  are  generally  no  ossifications  in  the 
sclerotic  of  the  eyeball.  There  is  almost  invariably  a  lateral  vacuity 
in  the  mandible  (fig.  1093).     The  teeth  are  always  either  pointed 

^  As  an  abnormality  three  sacraU  may  be  present 
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Fig.  io8z.— Left  side  of  the  pelvU  of  a  young 
Alligator.  11^  Ilium ;  7*^  Ischium ;  P^  Pubis; 
a,  bt  dt  Acetabulum,  with  its  vacuity;  F, 
Obturator  notch  ;  t,  *}  Cartilaginous  pro- 
cesses of  the  ischium  and  ilium. 


and  subconical,  or  laterally  compressed.     In  the  sternal  region  the 
sternum  itself  is  cartilaginous ;  and  there  is  a  bony  interclavicle,  but 

generally  no  clavicle.  In  the 
pelvis  (fig.  1081)  the  ilium  is 
short  and  deep,  without  distinct 
preacetabular  or  pubic  processes; 
the  ischium  is  stout,  and  devoid 
of  obturator  process ;  while  the 
pubis  ^  is  directed  downwards 
and  forwards,  and  is  frequently 
excluded  from  the  acetabulum. 
In  regard  to  the  pectoral  girdle 
and  limbs,  it  will  suffice  to  say 
that  all  the  bones  are  solid; 
that  the  coracoid  has  a  fonta- 
nelle,  and  may  be  either  short 
or  long ;  that  in  the  humerus 
and  femur  the  heads  are  im- 
perfectly differentiated,  that  of 
the  latter  being  compressed  and 
placed  very  obliquely  to  the  plane  of  the  condyles ;  while  the  shaft 
of  the  femur  has  no  inner  trochanter.  Moreover,  the  tibia  has  no 
cnemial  crest  at  its  proximal  extremity.  The  habits  of  all  the 
members  of  the  order  are  quadrupedal ;  and  the  feet  (fig.  1079) 
are  plantigrade,  those  of  the  hind  limbs  being  partially  webbed. 

The  existing  Crocodiles  present  many  peculiarities  in  r^ard  to 
the  soft  parts ;  but  since  we  do  not  know  whether  the  same  features 
occurred  in  the  generalised  fossil  forms,  and  cannot  compare  them 
with  extinct  orders,  it  is  unnecessary  to  allude  to  them  further. 

This  order  is  peculiarly  interesting,  not  only  as  containing  the 
on  y  existing  members  of  the  Archosaurian  branch  ;  but  also  since 
it  affords  a  beautiful  example  of  the  gradual  evolution  of  specialised 
characters  as  we  ascend  in  the  geological  scale. 

Suborder  i.  A^tosauria. — This  provisional  suborder  includes 
but  a  single  family,  which  Dr  Baur  places  in  the  Crocodilia,  although 
Professor  Cope  regards  it  as  more  nearly  related  to  the  Rhyncho- 
cephalia,  to  which  it  perhaps  belongs. 

Family  AfixosAURiDiE. — ^This  family  is  typically  represented  by 
the  genus  Aetosaurus,  of  the  Upper  Trias  of  Wiirtemberg ;  a  small 
form  with  Crocodilian  armour  and  limbs,  but  with  the  metatarsals 
much  elongated,  and  approaching  in  many  points  of  its  organisation 
to  the  Theropodous  Dinosauria,  to  which  Professor  Marsh  regards 


^  It  has  been  suggested  that  the  bone  termed  pubis  in  the  Eusuchia  is  really  t 
prepubis. 
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it  as  nearly  related,  lypothorax,  with  pitted  scutes  adherent  to  the 
ribs,  \s  an  allied  form  from  the  reputed  Trias  of  North  America ; 
which  Professor  Cope  regards  as  foreshadowing  in  its  dermal  skeleton 
the  carapace  of  the  Chelonia. 

Suborder  2.  Parasuchia. — ^This  extremely  generalised  suborder 
is  confined  to  the  Trias,  or  strata  of  approximately  equivalent  age. 
It  is  characterised  by  the  absence  of  descending  palatal  plates  de- 
veloped from  the  roof  of  the  mouth,  so  that  the  posterior  nares  (fig. 
1083)  open  directly  into  the  latter,  without  the  intervention  of  a 
secondaqr  passage.  The  vomers  are  seen  on  the  palate ;  the  middle 
one  of  the  three  eustachian  canals  appears  to  be  wanting  ^ ;  the 
anterior  nares  are  placed  in  the  middle  of  the  cranium ;  and  the 
premaxillae  have  typically  some  twenty-one  teeth,  and  are  produced 
into  a  long  rostrum.  A  clavicle  was  probably  present,  the  coracoid 
was  short  and  rounded  like  that  of  the  Dinosauria ;  while  the  pubis, 
as  in  the  latter,  takes  a  share  in  the  formation  of  the  acetabulum  ; 
and  each  foot  was  probably  furnished  with  five  digits.  The  centra 
of  the  vertebrae  are  amphicoelous ;  and  the  dorsal  scutes  have  a 
keel-like  ridge,  and  form  only  two  longitudinal  rows ;  while  those  of 
the  ventral  buckler  (when  present)  are  arranged  in  not  more  than 
eight  of  such  rows,  and  each  scute  consists  of  a  single  bone.  This 
group  differs  very  widely  from  the  true  Crocodiles,  and  Dr  Baur 
now  appears  to  regard  it  as  a  distinct  order,  under  the  name  of 
Phytosauria. 

Family  PHYTOSAURiDiE. — This  family  is  best  known  by  the  type 
genus  Phytosaurus  {Belodon)  \  originally  described  from  the  Keuper, 


Fig.  1083. — R^hc  lateral  view  of  the  skull  of  Phyiosaurut  cylindricothm  ;  from  the  Keuper  of 
Wftrteiaberg.  Much  reduced.  The  vacuities  in  the  cranium  are  the  preorbital,  the  orbit,  and 
the  m^atcmporal  fossa.    (After  Meyer.) 

or  Upper  Trias  of  Wiirtemberg,  but  subsequently  found  in  beds  of 
approximately  equivalent  age  in  both  India  and  North  America. 
In  the  skull  (figs.  1082,  1083)  the  orbit  is  separated  by  a  bony  bar 
from  the  infratemporal  fossa;  there  is  a  large  preorbital  vacuity, 

^  According  to  Dr  Koken. 
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and  the  supratemporal  fossa  is  exceedingly  small  The  nasals 
reached  the  premaxillse  and  completely  surrounded  the  nares — ^thus 
presenting  a  feature  unknown  in  any  other  vertebrate;  while  the 
orbits  were  somewhat  irregular  in  contour,  and  directed  in  part 
laterally,  and  in  part  frontally.     The  teeth  are  sharp  and  pointed, 


Fij^.  zo83.~Frontal  and  palatal  aspects  of  the  cranium  of  Phyiotaurms  c^Undrkoimu  The 
antenor  vacuities  in  the  upper  figiu-e  are  the  anterior  nares,  ami  the  slits  in  the  lower  figure 
are  the  posterior  nares.    (After  Meyer.) 

with  serrated  antero-posterior  ridges  (carinas) ;  and  in  the  anterior 
part  of  the  jaw  (fig.  1084)  are  subcircular  in  transverse  section, 
but  posteriorly  are  laterally  compressed.  There  was  no  ventral 
armour.     In  the  apparently  nearly  allied  Stagonolepis^  of  the  Upper 

Trias  (Keuper)  of  Elginshire,  there 
was,  however,  a  well-developed  ventral 
dermal  armour;  the  teeth  were  blunt 
and  swollen;  and  the  pattern  of  the 
«^g;j:S?;7^ftSS:1hC*4ri«Tf  sculpture  on  the  dorsal  scutes  was 
South  CaroUna.  Reduced.  different      This    gcuus   was   Originally 

founded  upon  the  evidence  of  these 
scutes,  which  were  thought  to  have  belonged  to  a  Ganoid  Fish. 
The  name  Episcoposaurus  has  been  applied  to  a  North  American 
Triassic  form  which  is  regarded  by  Professor  Cope  as  allied  to 
Phytosaurus, 

Family  PARASUCHiDiE. — The  single  genus  Parasuchus  occurs 
in  the  same  lower  Mesozoic  horizon  (Maleri  beds)  in  India  which 
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yields  the  remains  of  Phytosaurus^  and  is  very  imperfectly  known. 
It  differs  from  the  preceding  family  by  the  structure  of  the  ventral 
part  of  the  basioccipital,  which  approximates  to  the  Rhynchoceph- 
alian  type. 

Suborder  3.  Eusuchia. — ^This  suborder  is  taken  to  comprise 
all  the  post-Triassic  Crocodilia.  These  were,  indeed,  originally 
divided  into  two  suborders,  but  subsequent  researches  have  shown 
that  they  are  so  closely  connected  as  to  render  such  division  inad- 
visable. In  all  these  forms  the  premaxillae,  maxillae,  and  palatines 
develop  inferior  palatal  plates  meeting  in  the  middle  line  beneath 
the  naiial  passage,  and  thus  completely  separating  the  latter  from 
the  mouth,  and  causing  the  formation  of  secondary  posterior  nares, 
which  in  some  instances  are  situated  immediately  behind  the  pala- 
tines, but  in  others  (as  in  the  figure  of  Crocodilus  given  on  page 
1 192),  owing  to  the  development  of  similar  plates  by  the  pterygoids, 
behind  the  latter  bones.  The  object  of  this  peculiar  arrangement 
is  to  enable  these  animals  to  drown  their  prey  by  holding  it  in  their 
open  mouths  under  water,  which  is  thus  entirely  prevented  from 
entering  the  air  passages.  A  gradual  evolution  of  this  structural 
feature  can  be  traced  from  the  last  suborder,  where  it  is  entirely 
wanting,  to  the  generalised,  and  thence  to  the  most  specialised, 
members  of  this  division.  Other  characteristic  features  are  found 
in  the  terminally-situated,  and  usually  undivided,  nares;  in  the 
non-appearance  of  the  vomers  on  the  palate ;  in  the  bony  middle 
eustachian  canal;  and  the  presence  of  not  more  than  four  or 
five  teeth  in  the  premaxillse.  There  is  no  clavicle;  the  coracoid 
is  much  elongated;  the  pubis  is  entirely  excluded  from  the  ace- 
tabulum (fig.  1081) ;  and  there  are  five  digits  in  the  manus  and  four 
in  the  pes  (fig.  1079).  This  suborder  may  be  divided  into  two 
series  according  to  the  development  or  non-development  of  palatal 
plates  by  the  pterygoids,  and  the  form  of  the  vertebrae. 

The  occurrence  in  all  the  groups  of  the  Eusuchia  of  long-jawed  and 
short-jawed  forms  is  so  suggestive  of  the  direct  origin  of  the  existing 
Gharials  from  long-jawed  Mesozoic  types,  and  of  the  Crocodiles  and  Alli- 
gators from  short-jawed  forms  of  the  same  epoch,  that  Dr  Koken  adopts 
this  view,  and  divides  the  families  according  to  this  grouping.  There  is, 
however,  considerable  difficulty  in  accepting  this  view,  since  it  would 
appear  unlikely  that  all  the  modem  Crocodilians  would  have  attained 
such  a  similarity  in  cranial  and  vertebral  characters  if  they  had  totally 
different  origins. 

A.  AifPHiccELiAN  Series. — In  this  the  more  generalised  series 
the  centra  of  the  vertebrae  are  usually  amphicoelous ;  the  pterygoids 
do  not  develop  palatal  plates;  and  the  dorsal  scutes  are  usually 
arranged  in  only  two  longitudinal  rows,  and  are  keel-less.  The 
ventral  buckler  is  generally  divided  into  an  anterior  and  a  posterior 
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portion,  but  may  be  single ;  while  in  the  transverse  rows  of  this 
buckler  the  scutes  always  imbricate  anteriorly,  but  in  the  posterior 
part  usually  articulate  by  suture ;  each  scute  being  invariably  com- 
posed of  a  single  piece  of  bone. 

It  may  be  incidentally  mentioned  here  that  while  in  the  anterior 
region  of  the  ventral  buckler  of  all  Crocodiles  the  component  scutes 
of  each  transverse  row  articulate  together  by  suture  with  those  on 
either  side,  yet,  as  will  be  gathered  from  the  foregoing  characters, 
in  the  posterior  portion  of  the  same  buckler  in  the  present  series 
the  articulation  of  the  different  transverse  rows  with  one  another 
may  be  either  by  suture,  or  by  imbricating  like  the  tiles  on  a  roof. 

The  present  series  ranges  in  time  from  the  Lias  to  the  Lower 
and  Middle  Cretaceous,  and  is  especially  characteristic  of  the 
European  strata. 

Family  TELEOSAURiDiE. — The  members  of  this  family  are  readily 
distinguished  from  the  more  specialised  forms  by  the  circumstance 
that  the  supratemporal  fossae  are  always  much  superior  in  size  to 
the  orbits,  and  that  the  latter  are  completely  separated  by  a  bony 
bar  from  the  infratemporal  fossae;  both  these  features  being  well 
shown  in  the  accompanying  figure  of  the  cranium  of  Steneosaurus, 
In  front  of  the  orbit  there  is  always  a  well-marked  vacuity  (not 


Fig.  1085.— Upper  view  of  the  cranium  of  Steneeuutrus  Ileberti;  from  the  Oxfoni  Cbnr  of 
France.  Much  reduced.  The  bones  on  the  right  side  of  the  rostnun  are  imperfect,  and  tnere 
should  have  been  a  line  connecting  the  apex  of  tne  frontals  with  the  suture  dividing  tlw  mairin«rt. 
The  large  vacuities  behind  the  orbits  are  the  supratemporal  fosse,  below  which  are  the  infra- 
temporal fossae. 

shown  in  the  figure) ;  the  dorsal  scutes,  when  present,  are  rounded, 
and  arranged  in  two  longitudinal  rows ;  while  the  ventral  buckler  is 
divided,  and  the  component  scutes  of  the  posterior  transverse  rows 
are  united  by  suture.  The  axis  vertebra  carries  two  facets  for  its 
rib,  as  in  Dinosaurs.  The  members  of  this  family  were  of  marine 
habits,  and  range  throughout  the  Lias  and  Jurassic  system  of 
Europe.     They  may  be  divided  into  two  subfamilies. 

In  the  subfamily  Teleosaurina  the  skull  is  generally  produced  into 
a  long  slender  rostrum,  like  that  of  the  existing  Gharial ;  the  nasals 
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are  sqiarated  by  a  long  interval  from  the  premaxillae ;  the  orbits  are 
of  regular  contour,  and  directed  more  or  less  completely  frontally ; 
while  the  nares  look  more  or  less  anteriorly.  The  dermal  armour 
is  fully  developed,  and  sclerotic  plates  were  not  present  in  the  eye. 
The  type  genus  Teleosaurus  comprises  small  or  medium-sized  species, 
and  is  readily  characterised  by  the  teeth  being  inclined  horizontally 
outwards,  and  extremely  numerous.  It  is  confined  to  the  Lower 
Jurassic,  and  is  abundant  in  the  Stonesfield  slate  of  Oxfordshire, 
and  the  nearly  equivalent  beds  of  Caen,  in  Normandy.  The  most 
abundant  genus  is,  however,  Steneosaurus  (fig.  1085),  in  which 
Mystriosaurus  may  be  included,  characterised  by  the  elongated 
snout,  the  nearly  vertical  direction  of  the  teeth,  and  the  large  size 
of  the  supratemporal  fossse,  which  in  some  species  attain  enormous 
dimensions.  In  the  liassic  forms,  separated  generically  by  some 
writers  as  Mystriosaurus^  the  orbits  are  somewhat  oblique,  and  the 
supratemporal  fossae  are  never  excessively  large ;  but  in  the  numer- 
ous species  of  the  Lower  and  Middle  (Oxford  Clay)  Jurassic  the 
direction  of  the  orbits  is  entirely  frontal,  and  the  supratemporal 
fossae  are  very  large.  In  the  figured  S,  Heberii^  of  the  Lower  part 
of  the  Oxford  Clay,  the  skull  is  somewhat  intermediate  in  these 
respects ;  the  orbits  being  slightly  oblique,  and  the  supratemporal 
fossae  large.  This  genus  does  not  appear  to  have  survived  above 
the  Kimeridge  Clay.      In  Pelagosaurus  (fig.    1086)  we  have  an 


F«g.  Z086.— Right  lateral  view  of  the  skull  o(  Pelagataurus  typus;  from  the  Upper  Lias  of 
Nonnaiidy.    Reduced.     7\  Supratemporal  fossa ;  O,  Orbit. 

allied  genus,  represented  only  by  two  species  of  Liassic  age ;  it  is 
distinguished  from  the  preceding  by  several  characters ;  but  more 
especially  the  form  of  the.  posterior  nares,  and  the  smaller  and 
rounded  supratemporal  fossae.  The  remains  of  the  small  P.  typus 
are  especially  abundant  in  the  Upper  white  Lias  of  Normandy,  and 
the  marvellously  perfect  preservation  of  some  of  the  skeletons  has 
enabled  the  bony  anatomy  of  this  species  to  be  as  completely 
studied  as  in  the  case  of  an  existing  form.  In  Mcuhimosaurus^  of 
the  Kimeridge  Clay  (Upper  Jurassic)  of  both  England  and  the 
Continent,  and  Teleidosaurus^  of  the  Fullers'  Earth  (Lower  Jurassic) 
of  Normandy,  we  have  two  genera  in  which  the  skull  becomes  much 
shorter  and  broader,  the  teeth  stouter  and  less  numerous,  and  the 
orbits  more  oblique ;  and  which  thus  connect  the  present  with  the 
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next  subfamily.  MachimosauruSy  which  occurs  both  in  France  and 
England,  is  the  largest  member  of  the  order,  the  length  of  the 
mandible  exceeding  50  inches ;  the  skull  has  been  referred  to 
Fliosaurus.  The  teeth  closely  resemble  those  of  GoniophoUs^ 
having  conical  and  deeply  fluted  crowns. 

With  the  second  subfamily,  or  Metriarhynchitutj  we  come  to  a 
very  remarkable  group  of  Crocodiles,  presenting  certain  specialised 
features  unknown  elsewhere  in  the  entire  order.  The  skull  (fig. 
1087)  is  either  of  moderate  length  or  comparatively  short;  the 
nasals  are  either  in  contact  with  the  premaxillae,  or  separated  there- 
from by  a  short  interval ;  the  nares  are  directed  frontally ;  the  orbits 
are  of  very  irregular  contour,  and  placed  completely  on  the  sides  of 
the  skull;  and  the  teeth,  which  are  never  very  numerous,  are 
always   of  considerable   size,   and   directed   more   or  less   nearly 


Fig.  1087.— The  cranium  of  Meiri&rhjmckut  kastijgr;  from  the  Kimeridge  Clay  of  Normandy. 
One-sixth  natural  sixe.  /mjt,  PremaxiUa ;  mx,  Maxilla  ;  no.  Nasal ;  a.  Prefrontal  ;>>,  Froatal; 
0r,  Orbit.    (After  Deslongchamps.) 

vertically,  while  there  is  no  vacuity  in  the  mandible.  The  most 
remarkable  features  of  the  group  are,  however,  the  development 
of  a  ring  of  bony  plates  in  the  sclerotic  of  the  eye,  and  the 
general  or  universal  absence  of  a  dermal  armour.  It  is,  indeed, 
very  curious  to  notice  the  correlation  of  these  two  features,  since 
there  is  no  known  instance  of  the  presence  of  both  sclerotic  plates 
and  of  dermal  scutes  in  any  reptile.  The  pelvis  of  this  sub£unily  is 
also  worthy  of  notice.  Thus  the  ilia  are  very  small  subtriangular 
bones  articulating  with  long  and  downwardly  curved  sacral  ribs; 
while  the  ischia  are  enormously  large,  with  the  shape  of  an  isosceles 
triangle.  This  presents  a  remarkable  contrast  to  SteneosaurtiSy  where 
the  sacral  ribs  are  straight  and  directed  outwards,  while  the  ilium  is 
larger,  with  a  considerable  portion  projecting  above  the  costal  artic- 
ulation. In  the  genus  Metriorhynchus  the  skull  (fig.  1087)  is  of 
moderate  length,  and  frequently  somewhat  slender,  with  the  frontal 
region  slightly  sculptured ;  there  is  a  more  or  less  well-marked  pre- 
maxillary  expansion ;  the  prefrontals  (a)  are  very  large,  and  over- 
hang the  orbits ;  while  the  teeth  are  curved  and  carinated,  with  the 
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enamel  generally  fluted  at  the  base  of  the  crown,  but  without  ser- 
rations on  the  carinse.  The  pectoral  limbs  are  extremely  small. 
This  genus  ranges  from  the  Oxford  Clay  to  the  Portland  Oolite. 
In  the  Oxford  Clay  and  Kelloway  rock,  both  of  the  Continent 
and  England,  we  meet  with  M,  superciliosus  and  M,  moreli^  which 
are  readily  distinguished  by  the  sculpturing  of  the  frontals  and 
the  form  and  relations  of  the  prefrontals.  Beautiful  examples 
of  this  genus  occur  in  the  Oxford  Clay  near  Peterborough,  which 
exhibit  the  absence  of  dermal  scutes ;  a  skull  from  this  locality, 
to  which  the  name  Sieneosaurus  dasycephalus  has  been  applied, 
may  be  referred  to  M.  superciliosus.  The  Portlandian  form  was  de- 
scribed as  Sieneosaurus  gracilis.  It  is  probable  that  Gnathosaurus 
and  Rhacheosaurus  are  synonyms.  The  most  specialised  genus  is 
Gtosaurus  (Cricosaurus  or  Dacosaurus\  in  which  the  skull  is  com- 
paratively short,  and  is  devoid  of  frontal  sculpture,  and  also  of  the 
premaxillary  expansion;  while  the  teeth  (^%,  1088)  are  compressed, 
smooth,  and  carinated,  with  distinct  serrations  on  the  carinse.  The 
type  species,  which  occurs  in  the  Lower  Kimeridgian  of  Bavaria, 


Fig.  10S8.— Crown  of  tooth  of  Gwsaurut  maximtms ;  rrom  the  Kimeridge  Clay  of  Ely. 
(After  WoodMaMD.) 

and  is  of  comparatively  small  size,  was  long  thought  to  belong 
to  the  Mosasaurida.  A  much  larger  form,  occurring  in  the 
Kimeridge,  and  perhaps  the  Oxford,  Clay  of  England  and  the 
corresponding  beds  of  the  Continent,  has  been  described  under 
the  name  of  Dacosaurus^  but  can  be  only  specifically  distinguished 
from  the  type.  A  tooth  is  shown  in  the  accompanying  woodcut. 
It  is  not  improbable  that  vertebrae  from  the  Lower  Greensand  of 
Germany,  described  under  the  name  of  Enaliosuchus^  indicate  a 
closely  allied  form. 

As  members  of  this  family,  of  which  the  serial  position  is  uncer- 
tain, may  be  mentioned  small  forms  respectively  from  the  Kimerid- 
gian of  Bavaria  and  France,  to  which  the  names  jEohdon  and 
Crocodil^tmus  have  been  applied,  both  of  which  have  a  dermal 
armour;  the  ventral  shield  consisting  of  a  number  of  small  and 
closely-joined  scutes.  In  the  type  of  ^olodon  these  scutes  are  only 
slightly  pitted,  and  the  teeth  alternate  in  size. 

Family  GoNioPHOUDiDiE. — The  members  of  this  family  resemble 
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existing  Crocodiles  in  having  an  open  channel  connecting  the  infra- 
temporal fossa  with  the  orbit.  The  orbits  themselves  are,  more- 
over, usually  but  slightly  smaller  than  the  supratemporal  fossae,  or 
only  exceed  them  but  little  in  size;  while  there  is  no  preorbital 
vacuity.  The  dorsal  scutes  are  rectangular,  and  may  be  arranged 
either  in  two  or  in  several  longitudinal  rows;  while  the  ventral 
armour  may  form  either  a  single  or  a  double  buckler,  in  which  the 
posterior  transverse  rows  of  scutes  may  either  imbricate  or  articulate 
by  suture.  The  members  of  this  family  inhabited  freshwaters,  and 
they  range  in  time  from  the  Purbeck  (Upper  Jurassic)  to  the  Weal- 
den  (Lower  Cretaceous),  and  not  improbably  also  to  the  Upper 
Greensand.  Nearly  all  the  known  forms  are  European,  but  one 
genus  which  may  belong  to  this  family  is  American ;  and  the  family 
is  probably  also  represented  in  the  Cretaceous  of  India.  Three 
subfamily  divisions  have  been  proposed,  but  before  discussing  these 
we  may  allude  to  the  genera  Suchosaurus  of  the  English  Wealden, 
and  Hyposaurus  of  the  Cretaceous  of  North  America  and  Brazil, 
which  not  improbably  belong  to  this  family,  although  their  precise 
affinities  are  not  yet  satisfactorily  determined.  The  type  of  the 
former  genus  is  of  very  large  size,  and  has  the  teeth  greatly  com- 
pressed ;  while  in  the  latter  the  posterior  teeth  are  of  this  type,  but 
the  anterior  ones  are  rounded  like  those  of  Goniopholis^  and  the 
symphysis  of  the  mandible  is  elongated. 

The  first  subfamily,  or  PetrosuchituB^  is  very  imperfectly  known, 
and  is  represented,  only  by  the  genus  Peirosuchus^  of  the  English 
Purbeck  beds,  in  which  the  posterior  nares  are  placed  near  the 
middle  of  the  skull,  as  in  many  of  the  Teleosaurida^  and  the  orbits 
are  considerably  smaller  than  the  supratemporal  fossae.  The 
cranium  itself  is  of  moderate  length. 

The  members  of  the  second  subfamily,  or  GoniopholidituB^  have 
the  posterior  nares  placed  more  posteriorly  than  in  the  preceding 
group ;  while  there  are  two  longitudinal  rows  of  dorsal  scutes ;  and 
the  ventral  buckler  is  divided,  with  the  transverse  rows  of  scutes  in 
the  posterior  portion  articulating  by  suture.  In  the  first,  or  Longi- 
rostrine,  section  of  this  subfamily  the  skull  is  elongated  like  that  of 
the  existing  Gharial ;  the  nasals  do  not  reach  the  nares,  the  splenial 
bone  enters  into  the  mandibular  symphysis,  and  the  teeth  are 
numerous,  and  all  nearly  similar  in  size.  It-  is  represented  only  by 
Phoiidosaurus  {Macrorhynchus)  of  the  German  and  English  Weal- 
den. In  the  Brevirostrine  section,  on  the  other  hand,  the  skull  is 
short,  like  that  of  the  true  Crocodiles,  the  nasals  sometimes  reach 
the  nares,  the  splenial  enters  but  very  slightiy  into  the  symphysis  of 
the  mandible,  and  some  of  the  teeth  are  much  larger  than  the 
others.  The  dorsal  scutes  present  the  peculiarity  of  articulating 
with  one  another  by  means  of  a  peg  at  one  angle  which  fits  into  a 
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socket  in  the  adjacent  scute ;  an  arrangement  very  similar  to  that 
obtaining  in  the  scales  of  certain  Ganoid  fishes.  The  genus  Gonio- 
pholis  is  very  characteristic  of  the  Wealden  and  Purbeck,  and  has  a 
craoium  of  moderate  length,  with  the  nasals  not  reaching  the  nares,  ' 

and  the  orbits  rather  smaller  than  the  supratemporal  fossae.     The  I 

type  species  attained  very  large  dimensions,  and  was  long  since  j 

made  known  to  the  world  by  the  late  Dr  Mantell,  under  the  name  I 

of  the  Swanage  Crocodile ;  its  blunt  and  grooved  teeth,  and  charac-  1 

terisdc  scutes,  being  comparatively  common  in  the  Wealden  stone 
quarries  of  Sussex.     This  genus  has  been  recently  recorded  from 
the  Jurassic  of  North  America,  where  it  had  been  previously  de- 
scribed  as  Amphicotylus,     Allied  but  considerably  smaller  forms  | 
from  the  Dorsetshire  Purbeck  constitute  the  genera  Nannosuchus  i 
and  Oweniasuchus  {Brachydectes).      The  most  specialised  genus, 
however,  appears  to  be  the  minute  Theriosuchus  of  the  Purbeck, 
which,  in  having  the  orbits  slightly  larger  than  the  supratemporal 
fossae,  approximates  to  the  next  subfamily,  although  retaining  the 
pegged  dorsal  scutes  of  Goniophoiis,    The  nasals  in  this  genus  reach  , 
and  partly  divide  the  nares,  as  in  the  true  Crocodiles ;  and  we  thus  , 
have  a  comparatively  close  approximation  to  existing  forms,  which 
is  rendered  still  more  manifest  by  the  members  of  the  next  group. 

In  the  genus  Bemissartia^  of  the  Belgian  Wealden,  which  forms  ! 

the  type  of  the  subfamily  Bemissariiina^  the  skull  is  comparatively 
short  and  broad,  and  has  the  posterior  nares  placed  very  close  to 
the  occipital  condyle ;  while  the  orbits  are  decidedly  larger  than  the 
supratemporal  fossae.  Like  existing  Crocodiles,  these  reptiles  were 
provided  with  more  than  two  longitudinal  rows  of  dorsal  scutes 
(which  have  no  peg^and-socket) ;  while  their  ventral  buckler  is  un- 
divided, and  has  the  transverse  rows  of  scutes  imbricating  throughout 
The  resemblance  to  existing  forms  being  completed  by  the  pectoral 
limbs  being  considerably  shorter  than  the  pelvic  pair.  The  verte- 
brae, however,  still  retained  the  primitive  amphicoelous  character. 
It  seems  probable,  from  the  position  of  the  posterior  nares,  that  the 
imperfectly  known  genus  Hylaochampsa^  from  the  English  Wealden, 
is  a  closely  allied  form  of  rather  larger  dimensions ;  and  it  is  not 
unlikely  that  certain  proccelous  vertebrae  from  the  same  formation 
which  have  been  described  under  the  name  oi Heterosuchus  maybe- 
long  to  this  form  ;  while  others  from  the  Cambridge  Greensand  and 
the  Greensand  of  Austria,  which  have  been  referred  to  Crocodilus^ 
may  also  indicate  allied  reptiles,  although  there  is  a  possibility  that 
the  owners  of  these  vertebrae  belonged  to  the  next  series.  It  will 
thus  be  seen  that  if  Hylaochampsa^  or  an  allied  form,  had  such  pro- 
ccelous vertebrae,  it  would  only  require  the  development  of  palatal 
plates  to  the  pterygoids  to  convert  it  into  a  Crocodilian  of  the 
modem  type ;  and  it  is  highly  probable  that  such  a  form  once  ex- 
vou  II.  u 


Digitized  by  LjOOQ  IC 


1 192 


CLASS   REPTILIA. 


isted,  since  it  is  most  unlikely  that  the  change  from  amphicoelous 
to  procoelous  vertebrae  took  place  precisely  at  the  same  time  as  the 
pterygoids  developed  palatal  plates.  On  the  other  hand  there  is  an 
equal  primd  facie  probability  that  these  two  changes  may  have 
occurred  in  the  reverse  order  to  that  indicated  above. 

B.  Proccelian  Series. — In  this  series  the  vertebrae,  with  the 
exception  of  five,  are  procoelous ;  the  pterygoids  develop  palatal 
plates   to   prolong   the   narial  passage   (fig.   1089) ;    and   all   the 

eustachian  canals  are  enclosed  in 
bone.  The  dorsal  scutes  are,  more- 
over, always  arranged  in  more  than 
two  longitudinal  rows;  and  when 
there  is  a  ventral  buckler  it  is  un- 
divided, and  invariably  consists  of 
more  than  eight  rows  of  imbricating 
scutes,  in  which  each  scute  is  com- 
posed of  two  separate  pieces  of  bone. 
The  axis  vertebra  differs  from  that  of 
the  Teieosaurid(By  in  having  no  costal 
articulations;  its  rib  having  been 
shifted  forward  on  to  the  centrum  of 
the  atlas,  or  odontoid  process. 

Family  CROCODiLiDiE. — All  the 
sufficiently  known  members  of  this 
series  may  be  included  in  a  single 
family,  which  agrees  with  the  Gonio- 
pholidida  in  the  free  communication 
of  the  infratemporal  fossa  with  the 
orbit,  which  is  considerably  larger 
than  the  supratemporal  fossae.  This 
family  is  first  definitely  known  from 
the  Upper  Cretaceous,  and  contin- 
ues to  the  present  day,  being  repre- 
sented in  the  freshwaters  of  most 
of  the  warmer  regions  of  the  globe. 
If,  however,  the  procoelous  vertebrae 
mentioned  in  the  last  series  from  the  Greensand  and  Wealden 
really  indicate  members  of  the  present  family,  it  will  date  from  the 
latter  horizon.  The  form  of  the  skull  affords  grounds  for  two  sec- 
tional divisions. 

The  Longirostrine  section  is  represented  at  the  present  day  only 
by  the  true  Gharial  (Garialis)  of  the  Ganges,  and  Schlegel's  Gharial 
of  Borneo.  The  skull  is  produced  into  a  long  narrow  rostrum  i^^- 
1 091),  with  the  dental  borders  nearly  straight;  the  nasals  never 
extend  to  the  anterior  nares,  and  are  frequently  separated  from  the 


Cifte 


Fig. 


>  — Palatal  aspect  of  the  cranium 
oi  Crocodilus.  Reduced.  PmXy  Premax- 
ilia ;  My  maxilla ;  Pl^  Palatine ;  7>,  Trans- 
verse; Pt,  Pterygoid;  Jg^  Jugal;  Qj^ 
Quadratojugal ;  Qu^  Quadrate;  Oh^  Basi- 
occipital ;  Cocc^  Occipital  condyle ;  Orb^ 
Orbit ;  CA,  Posterior  nares. 
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premaxillse ;   the  supratemporal  fossae  are  of  somewhat  large  size, 
and  sometimes  exceed  the  orbits  in  this  respect ;  while  the  mandi- 
bular symphysis  is  very  long,  and  embraces  the  anterior  portion  of 
the  splenial  bone.     The  teeth  are  always  numerous,  and  are  only 
slightly  unequal  in  size ;  and  neither  of  the  existing  species  is  pro- 
vided with  a  ventral  armour.     In  this  group  Rhamphostuhus^  of  the 
Pliocene  of  the  Siwalik  Hills  of  India,  was  a  gigantic  form  probably 
between  fifty  and  sixty  feet  in  length,  and  characterised  by  the  stout- 
ness of  the  teeth,  of  which  the  upper  series  bites  on  the  outer  side 
of  the  lower,  as  in  the  Alligators,  instead  of  interlocking  with  them 
as  in  other  members  of  this  group.     In  Thoracosaurus^  again,  of 
the  Cretaceous  of  North  America,  we  have  a  genus  remarkable  for 
retaining  the  preorbital  vacuity  of  the  Teleosaurida^  and  in  having 
the  supratemporal   fossa  larger  than  the   orbit; 
both  these  features  apparently  pointing   to   the 
direct  descent  of  this  genus  from  the  last-named 
family,  without  having  passed  through  the  inter- 
mediate stage  of  the  Goniopholidida,     The  exist- 
ing Indian  Garialis  gangeiicuSy  of  which  the  den- 
tal succession  is  shown  in  fig.  1090,  is  one  of  the 
existing  species  of  Reptiles  of  which  remains  are 
found  in  the  Pliocene  of  the  Siwalik  Hills.     The 
same  deposits  have  also  yielded  two  more  or  less 
nearly  allied  extinct  species;  while  in  the  some- 
what older  beds  of  Sind  there  occur  two  other 
species  differing  considerably  in  the  form  of  the 
orbit  and  other  cranial  characters  from  the  existing 
representative  of  the  genus.     One  of  these  extinct 
species  {G. pachyrhynchus)  appears  to  have  attained 
dimensions  fully  equal  to  those  of  Rhamphosuchus, 
Another  Gharialoid  provisionally  referred  to  the 
present  genus  occurs  in  the  Middle  Eocene  of 
Bracklesham,  in  Sussex;  while  species  from  the 
Cretaceous  of  North  America,  which  have  been 
described  under  the  generic  name  of  Holops^  may 
prove  to  be  allied  either  to  the  present  or  to  the 
next  genus.     In  Tomistomay  typically  represented 
by  the  existing  T.  Schlegeli  of  Borneo,  may  be  in- 
cluded the  fossil  forms  described  under  the  names 
of  Melitosaurus  and   Garialosuckus  (fig.    1091). 
readily  distinguished  from  Garialis  by  the  circumstance  that  the 
nasals  extend  forwards  to  articulate  with  the  premaxillae  (fig.  1091), 
instead  of  being  separated  from  them  by  a  long  interval.     A  large 
fossil  form  (Melitosaurus)  occurs  in  the  Miocene  of  Malta,  and  a 
smaller  (Garialosuckus)  in  that  of  Austria.      Another  Gharialoid, 


•i^.  1000. - 
of  Garialis  gangtti- 
CMS,  showing  succes- 
sion of  germs  (^,  c) 
beneath  the  tooth  in 
useCaX  (After  Owen.) 


This   genus   is 
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from  the  Upper  Cretaceous  of  France  and  Maastricht,  originally  de- 
scribed as  Garialis  macrorhynchus,  has  also  been  provisionally  in- 
cluded in  the  same  genus.     This  form  is,  however,  referred  by 


Fig.  Z091. — Frontal  aspect  of  the  cranium  of  Tomistoma  tggtnlmrgense  I  from  the  Miocene  of 
Austria.  One-tenth  natural  size.  /iMjf.  Premaxilla;  mx^  Maxilla;  im,  Nasal;  ItL,  Lachryxnal : 
fr^  Frontal ;  ^r,  Orbit.  The  vacuity  behind  the  orbit  is  the  infratemporal  fossa.  (After  Toola 
and  Kail.) 

Dr  Koken  to  TkoracosauruSy  although  it  has  no  preorbital  vacuity, 
and  the  nasals  reach  the  premaxillae.  It  appears  to  connect  the 
typical  Thoracosaurus  with   the  existing   Tomisioma.     Finally,  the 


Fie.  X002. — Oblique  left  lateral  and  superior  view  of  skull  of  Crocodittu  ^lustris ;  India. 
Much  reduced.  Tne  two  small  vsuniities  to  the  rieht  are  the  supratemporal  fossae;  those  in 
advance  are  the  orbits,  while  the  single  vacuity  to  the  left  is  the  nares ;  the  bones  in  advance  of 
the  latter  are  the  premaxillae,  and  those  behind  the  nasals. 

imperfectly   known    Theccuhampsa^    from    the    Miocene   of  North 
America,  should  probably  be  placed  in  the  present  group. 

The  second,  or  Brevirostrine  section,  includes  the  true  Crocodiles 
and  Alligators,  and  is  characterised  by  having  the  skull  short,  or 
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moderately  elongated,  with  its  dental  borders  thrown  into  distinct 
festoons  (fig.  1092);  by  the  nasals  always  reaching  the  premaxillae, 
and  frequently  extending  down  to  the  anterior  nares  (as  in  fig.  1092); 
and  also  by  the  orbits  being  always  larger  than  the  supratemporal 
fossae.  The  short  symphysis  of  the  mandible,  from  which  the 
splcnial  element  is  entirely  excluded  (fig.  1093),  is  another  striking 
feature.  The  teeth,  moreover,  vary  in  size  in  different  parts  of  the 
jaws ;  and  usually  the  third  and  ninth  in  the  upper,  and  the  fourth, 
and  frequently  also  the  first  and  eleventh,  in  the  lower  jaw  (fig. 


Fig.  Z093.— Inner  Tiew  of  the  left  ramus  of  the  mandible  of  a  Crocodile.    Reduced.    ««,  Angular ; 
mr.  Articular;  c#,  Coronoid  ;  d,  Dentary :  r,  splenial ;  su,  Surangular;  jr^,  Symphysis. 

1093),  are  considerably  larger  than  any  of  the  rest  In  the  type 
genus  Crocadiius  the  upper  and  lower  teeth  mutually  interlock ;  the 
first  lower  tooth  bites  into  a  perforation  or  a  pit  in  the  cranium, 
and  the  fourth  into  a  lateral  notch  ;  while  the  third  lower  tooth  is 
small  There  is,  moreover,  no  ventral  armour.  This  genus  is  now 
distributed  over  nearly  all  the  warmer  regions  of  the  globe,  and  it 
appears  to  have  had  an  equally  extensive  distribution  in  Tertiary 
times. 

The  earliest  representative  of  this  genus  seems  to  be  C.  Spenceri^  of 
the  Lower  Eocene  of  both  England  and  Italy,  which  was  a  species  with 
a  comparatively  long  muzzle  like  that  of  the  living  American  C  interme' 
dius.  The  genus  is  also  represented  in  the  Middle  Tertiaries  of  Europe 
and  North  America.  In  the  Pleistocene  of  Queensland  we  meet  with 
remains  of  the  existing  C  porosus  (fig.  1079),  which  now  ranges  from 
Australia  to  Eastern  India  ;  while  in  the  Pliocene  of  the  Siwalik  Hills  of 
India  there  occur  species  closely  allied  to  the  short-snouted  C.  falustris 
(fig.  1092}  of  that  country,  which  makes  the  nearest  approach  in  cranial 
characters  to  the  Alligators  and  their  allies. 

Diplocynodon  is  an  extinct  genus  found  in  the  Tertiaries  of  both 
Europe  and  North  America,  which  presents  characters  intermediate 
between  Crocadiius  and  Alligator,  Thus  the  cranium  (fig.  1094)  is 
very  short  and  broad ;  the  upper  teeth  bite  on  the  outer  side  of  the 
lower;  the  fourth  lower  tooth  is  normally  received  into  a  notch 
(but  occasionally  into  a  pit)  in  the  cranium ;  the  third  lower  tooth 
is  as  large  as  the  fourth ;  and  there  is  a  complete  ventral  armour. 
In  Europe  this  genus  ranges  from  the  Upper  Eocene  to  the  Lower 
Miocene  (Upper  Oligocene),  and  is  common  in  the  Tertiaries  of  the 
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south  of  England,  and  also  in  those  of  France  and  Germany ;  some 
of  the  species  from  the  latter  deposits  having  been  described  as 
Alligator,  The  genus  has  also  been  recorded  from  the  Upper 
Eocene  of  North  America.  The  last,  and  in  respect  of  cranial 
characters  the  most  specialised,  group  of  Crocodiles  is  now  divided  * 
into  the  two  genera  Caiman  and  Alligator.  In  these  forms  both 
the  first  and  the  fourth  lower  tooth  are  received  into  pits  in  the 
upper  jaw,  so  as  to  be  concealed  when  the  mouth  is  closed ;  the 
upper  teeth  bite  on  the  outer  side  of  the  lower  ones ;  the  supratem- 
poral  fossse  are  very  small,  and  are  occasionally  obliterated;  and 
the  third  lower  tooth  is  smaller  than  the  fourth.  Caiman  is  dis- 
tinguished by  the  presence  of  a  ventral  armour,  and  also  by  the 
circumstance  that  the  nasals  do  not  extend  across  the  nares ;  and 


Fig.  X094. — Obliqae  left  lateral  and  palatal  view  of  the  facial  part  of  the  cranium  of  Dt^Ucym^l^m 
Jutnt<miensu;  from  the  Upper  Eocene  of  Hampshire.    Reduced. 

is  now  confined  to  Central  and  South  America.  In  Alligator^  on 
the  other  hand,  which  occurs  at  the  present  day  in  North  America 
and  China,  the  ventral  armour  is  absent  or  extremely  thin,  and  the 
nasals  extend  forwards  so  as  to  divide  the  narial  aperture.  Remains 
which  are  probably  referable  to  Caiman  occur  in  the  Pleistocene 
cave-deposits  of  Brazil ;  but  it  does  not  appear  that  there  is  any 
certain  evidence  of  fossil  species  oi  Alligator ;  the  European,  and 
probably  some  of  the  North  American  forms  which  have  been  re- 
ferred to  that  genus,  belonging  to  Diplocynodon,  Finally,  the  name 
Isselosaurus  has  been  recently  applied  to  Crocodilian  remains  from 
the  Middle  Eocene  of  France  which  may  really  belong  to  one  of  the 
above-mentioned  genera. 

Order  X.  Ornithosauria. — ^The  Pterodactyles,  as  the  mem- 
bers of  this  extinct  order  are  commonly  termed,  are  among  the 
most  remarkable  and  strange  Reptilian  forms  that  Palaeontology  has 

^  According  to  the  arrangement  adopted  by  Mr  Boulenger  in  bis  British 
Museum  Catalogue  of  this  order. 
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yet  revealed  to  us.  So  strange,  indeed,  are  they  that  some  autho- 
rities have  considered  that  the 
Omithosaurs  are  entitled  to  rank 
as  a  distinct  class;  but  they  are 
essentially  Reptiles,  and  agree  in 
their  intrinsic  characters  with  the 
other  two  orders  placed  in  the 
branch  now  under  consideration. 
All  their  organisation  is,  however, 
modified  for  the  purpose  of  flight 
through  the  air.  Thus  the  body 
was  supported  during  flight  by  a 
membranous  expansion,  or  pata- 
giuMy  which  was  mainly  borne  by 
the  gready  elongated  phalangeals 
of  the  ulnar,  or  outermost  digit  of 
the  manus  (fig.  1095,  marked  iv) ; 
but  which  also  extended  along  the 
sides  of  the  body  to  embrace  the 
hind  limbs  and  tail  (fig.  1098). 
The  vertebrae  are  procoelous,  and 
have  their  neuro  -  central  suture 
obliterated;  the  precaudal  series 
is  not  numerous ;  the  cervicals  are 
longer  than  the  dorsals ;  and  from 
three  to  six  vertebrae  are  anchy- 
losed  together  to  form  the  sacrum. 
The  cervical  ribs  in  those  cases 
where  they  have  been  observed 
are  of  the  Crocodilian  type.  .The 
skull  (figs.  1096,  1097)  is  rela- 
tively large;  and  although  more 
or  less  bird-like  in  general  con- 
tour, yet  maintains  the  reptilian 
type  by  the  presence  of  the  supra- 
temporal  fossae,  bounded  by  the 
junction  of  the  postorbital  with  the 
squamosal  bone.  Bird-like  resem- 
blances are,  however,  shown  by 
the  circumstance  that  the  bones  of  scafhcgn^hu*  crawrostps;  %,  stemum 

,         ,     „  ,     ,  ,  ,  and    coracoids    of  Pterodactylus.     A,   Hu- 

tOe    skull    anchylOSed    together    at    mems;    r,    Radius;    »,   Ulna;   c,  Carpiw: 

an  early  age;   and  that  the  two  "^^I^  ii»ese  should  have  been  num. 
rami  of  the  mandible  were  com- 
pletely welded  together  at  their  symphysis.     Moreover,  as  in  Birds, 
the  greater  portion  of  the  upper  jaws  is  formed  by  the  premaxillae ; 


Ri^ht   pectoral    limb    of 
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the  nares  are  similarly  approximated  to  the  orbits,  with  the  inter- 
vention of  a  preorbital  vacuity,  which  (fig.  1096)  may  be  very 
large ;  while  the  occipital  condyle  is  situated  on  the  base  of  the 
cranium ;  and  the  orbits  are  large,  and  there  is  generally  an  ossified 
ring  in  the  sclerotic.  The  teeth  are  invariably  simple  and  pointed ; 
and  are  always  implanted  in  separate  sockets.  In  the  pectoral 
girdle  the  scapula  and  coracoid  are  long  and  bird-like,  and  the  latter 
has  no  fontanelle ;  there  were  no  clavicles ;  but  there  was  a  broad 
heart-shaped  sternum  (fig.  1095,  b),  carrying  a  median  keel  superi- 
orly. The  angle  of  junction  of  the  scapula  and  coracoid,  as  well 
as  the  keeled  sternum,  curiously  resemble  the  corresponding  parts 
in  the  skeleton  of  the  Carinate  Birds,  and  are  consequently  totally 
unlike  those  of  the  Ratitae.  The  carpus  consists  of  two  main  bones, 
one  distal  and  the  other  proximal ;  ^  while  on  its  radial  side  there  is 
a  small  styliform  ossification,  regarded  by  Professors  Owen  and 
Marsh  as  the  representative  of  the  poUex — ^an  identification  which, 
if  correct,  will  make  the  four  remaining  digits  which  are  usually 
present  the  2d,  3d,  4th,  and  5th  of  the  typical  series,  and  not  the 
I  St,  2d,  3d,  and  4th  as  they  are  regarded  by  some  writers  (fig. 
1095)-  The  phalangeals  of  the  ulnar  digit,  as  already  mentioned, 
are  enormously  elongated,  and  the  terminal  joint  has  no  claw. 
The  pelvis  is  relatively  weak ;  and  although  the  ilium  is  extended 
on  both  sides  of  the  acetabulum,  the  structure  of  both  this  region 
and  of  the  pelvic  limbs  is  far  removed  from  the  avian  type. 
Thus  the  pubis  (or  prepubis)  is  directed  forwards,  and  the  ischium 
is  short  and  wide ;  while  the  pelvic  limbs  are  relatively  short.  The 
fibula  is,  however,  always  fused  with  the  tibia ;  and  the  astragalus 
may  also  unite  with  the  latter  bone ;  although  the  metatarsals  always 
remain  distinct  both  from  one  another,  and  also  from  the  distal 
row  of  the  tarsus.  The  greater  number  of  the  bones  are  hollow, 
and  are  frequently  provided  with  pneumatic  foramina,  like  those  of 
Birds.  The  brain  was  bird-like,  and  the  body  was  probably  naked. 
In  time  this  order  ranges  from  the  Lias  to  the  Upp)er  Chalk ;  and 
was  especially  abundant  in  the  Upper  Jurassic  and  Cretaceous 
strata  of  both  the  Old  and  New  Worlds.  Although  the  skeleton 
presents  many  remarkable  resemblances  to  the  Carinate  Birds,  yet 
these  must  be  regarded  as  mainly  due  to  adaptation  for  a  similar 
mode  of  life ;  since  it  seems  clear  that  the  Pterodactyles  are 
altogether  off  the  direct  line  of  the  Avian  pedigree. 

Suborder  i.  Pteranodontia.  —  In  this  suborder  teeth  are 
totally  wanting,  and  the  jaws  were  probably  completely  ensheathed 
in  horn,  like  those  of  Birds.  The  skull  (fig.  1096)  has  an  enormous 
supraoccipital  crest,  projecting  far  behind  the  occiput ;  and  the  nares 

^  The  carpus  is  erroneous  in  fig.  1095. 
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were  completely  confluent  with  the  preorbital  vacuities.  According 
to  Professor  Marsh,  these  reptiles  were  mostly  of  gigantic  size ;  some 
having  a  spread  of  wing  of  nearly  or  quite  25  feet.  And  in  order 
to  aid  the  powerful  patagium  in  flight,  the  pectoral  girdle  was 
generally  strengthened  by  the  anchylosis  of  several  vertebrse,  and 
by  the  robust  scapulae  articulating  to  the  spines  of  these  anchylosed 


Fig.  1096. — Left  lateral  view  of  the  skull  of  PUrancdon  Umgiceps ;  from  the  Cretaceous  of 
Nortn  America.  One-twelfth  natural  siae.  «,  Nares  and  preoroital  vacuity:  b^  Orbit;  c, 
Supraorbital  crest ;  </,  Angle  of  nuuidible ;  ^,  Quadrate ;  Sy  Symphysis     (After  Manh.) 

vertebrae;  this  peculiar  feature  being  virtually  a  repetition  of  the 
pelvic  girdle  and  sacrum  on  a  much  larger  scale. 

Family  PxERANODONTiDiE. — The  type  genus  Pteranodon  (fig. 
1096)  occurs  in  the  Cretaceous  of  North  America;  and  although 
its  members  are  generally  of  large  size,  it  is  also  represented  by  one 
small  species — P.  nanus.  The  coracoid  and  scapula  were  united, 
but  the  oral  aspects  of  the  jaws  have  not  the  ridge  and  groove 
found  in*  Omiihochirus,  Omithostoma^  of  the  Cambridge  Green- 
sand,  may  have  been  an  allied  form.  In  Nyctodactylus^  of  the  North 
American  Cretaceous,  Professor  Marsh  thinks  that  none  of  the 
dorsal  vertebrae  were  anchylosed ;  and  on  this  account  the  genus 
should  perhaps  form  the  type  of  a  distinct  family. 

Suborder  2.  Pterosauria. — In  this,  the  typical,  suborder  teeth 
are  present  in  both  jaws ;  the  cranium  (fig.  1097)  has  no  long  supra- 
occipital  crest  directed  backwards,  and  generally  has  the  nares  more 
or  less  completely  separated  from  the  preorbital  vacuities.  The 
scapula  is  (at  least  usually)  not  anchylosed  to  the  neural  spines  of 
the  dorsal  vertebrae,  which  are  distinct  from  one  another.  This  sub- 
order is  mainly  European. 

Family  PrERODACTYLiDiE.  —  In  the  typical  family  the  tail  is 
short  (fig.  1097);  the  jaws  are  toothed  to  their  extremities;  and 
the  length  of  the  metacarpus  considera,bly  exceeds  half  that  of  the 
ulna  (fig.  1097).  The  skull,  which  is  extremely  bird-like,  may  be 
either  long  or  short,  and  has  the  nares  imperfectly  separated  from 
the  preorbital  vacuities ;  while  in  the  pelvic  limb  the  astragalus  is 
always  distinct  from  the  tibia.  In  Europe  this  family  is  especially 
characteristic  of  the  Upper  Jurassic,  and  is  abundantly  represented 
in  the  Lower  Kimeridgian  lithographic  limestones  of  Bavaria,  which, 
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from  their  fine  structure,  have  preserved  not  only  the  smallest  bones, 
but  not  unfrequently  also  the  impression  of  the  membranous  pata- 
gium.  All  the  forms  which  can  be  certainly  referred  to  this  family 
are  of  small  or  moderate  size.  In  Ptenodraco^  of  the  lithographic 
limestones,  we  have  a  small  Pterodactyle  not  larger  than  a  sparrow, 
with  a  skull  of  very  much  the  same  contour  as  that  of  the  latter,  in 


Fig.  1097.— Nearly  entire  skeleton  of  Pterodactylus  s^tabilisi  from  the  Kimeridgian  of 
Bavaria.  The  ventral  aspect  is  shown ;  and  on  the  right  side  the  ilium,  and  on  the  left  the  pubis 
(a)  is  exposed. 

which  the  teeth  are  confined  to  the  extremities  of  the  jaws,  and  the 
nares  do  not  appear  to  be  separated  from  the  preorbital  vacuities. 
Pterodactylus  itself  (of  which   Ornithocephalus'^  and  Dioptuphalus 

^  It  has  been  proposed  to  take  the  name  Ornithocephalus  in  place  of  Pitno- 
dracOy  a  suggestion  which  is  entirely  opposed  to  all  the  rules  of  nomenclature. 
The  first  use  of  the  former  name  in  this  sense  was  made  by  Fitzioger  in 
1826. 
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are  synonyms),  on  the  other  hand,  has  the  skull  produced  into  a 
long  beak  or  rostrum  (fig.  1097),  in  which  the  teeth  extend  over  a 
considerable  space,  and  the  large  nares  are  slightly  separated  from 
the  preorbital  vacuities.  The  scapula  is  not  anchylosed  to  the  cora- 
coid ;  and  the  pubes  are  short  and  rounded  (Ifig.  1097).  This  genus 
appears  to  be  conlfined  to  the  lithographic  limestones ;  the  typical 
P,  antiquus  being  about  the  dimensions  of  a  woodcock. 

Apparently  allied  to  this  genus  is  Dermodactylus^  of  the  Jurassic 
of  North  America,  in  which  the  bones  are  said  to  have  thicker  walls. 
The  type  species  is  estimated  to  have  had  a  spread  of  wing  of  from 
five  to  six  feet  Finally,  in  Cycnorhamphus,  of  the  Solenhofen 
limestones,  we  have  a  genus  with  a  broad  expanded  beak,  like  that 
of  a  Swan,  with  the  teeth  confined  to  the  anterior  extremity.  This 
genus  is  represented  by  a  single  species  of  comparatively  large  size, 
known  as  C.  suevicus. 

Here  we  may  conveniently  notice  some  gigantic  Pterodactyles 
from  the  Cretaceous  system  of  Europe,  of  which,  owing  to  the  ex- 
ceedingly imperfect  remains  hitherto  discovered,  the  family  position 
must  be  left  undetermined.  Remains  of  some  of  those  forms  were 
originally  regarded  as  belonging  to  Birds,  and  described  under  the 
names  of  Paksornis  (Wealden)  and  Citnoliomis  (Chalk).  All  these 
forms  may  be  provisionally  included  under  the  generic  name  of 
Ormthochirus^  although  it  is  highly  probable  that  some  of  them  may 
really  be  distinct ;  and  there  does  not  at  present  appear  any  very 
good  reasons  for  separating  a  Purbeck  form  for  which  the  name 
Doraiorkynchus  has  been  proposed.  Many  of  these  Pterodactyles 
were  of  gigantic  size ;  the  spread  of  wing  of  some  of  the  larger 
species  being  estimated  at  as  much  as  25  feet  Probably  the 
tail  was  long;  the  jaws  were  toothed  to  their  extremities,  and 
fiequendy  the  upper  anterior  teeth  curved  forwards  to  project 
in  advance  of  the  muzzle.  The  oral  surfaces  of  the  upper  and 
lower  jaws  were  marked  by  a  longitudinal  ridge  and  groove; 
the  skull  was  either  short  and  stout,  or  much  elongated;  the 
scapula  was  often  anchylosed  to  the  coracoid;  and  in  some 
instances  the  astragalus  united  with  the  tibia.  It  has  also  been 
suggested  that  Omitkochirus  had  but  three  digits  in  the  manus, 
but  this  statement  requires  confirmation.  The  name  Cretomis 
has  been  applied  to  the  remains  of  Omithochirus  from  the  Chalk 
of  Bohemia. 

Family  RHAMPHORHVNCHiDiE. — In  this  family  the  tail  was  at 
least  usually  long  (as  in  fig.  1098);  the  extremities  of  the  jaws  were 
in  many  instances  edentulous ;  and  the  length  of  the  metacarpus 
was  much  less  than  half  that  of  the  ulna  (fig.  1095).  The  skull 
(fig.  1099)  was  less  bird-like  than  in  the  type  family,  with  the  nares 
separated  by  a  distinct  bar  from  the  preorbital  vacuity,  and  was 
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often  comparatively  short  and  stout ;  while  in  some  instances  the 
astragalus  united  with  the  tibia.  This  family  certainly  ranged  from 
the  Lias  to  the  Upper  Jurassic,  but  if  Ornitkochirus  belong  to  it, 
its  range  must  be  extended  to  include  the  Cretaceous.  In  the 
genus  Scaphognathus  (fig.  1099)  the  teeth  extend  to  the  extremities 
of  the  jaws  of  the  massive  skull,  in  which  the  nares  are  separated 
by  a  broad  bar  from  the  larger  preorbital  vacuities.  The  tail  of 
the  type  species  is  unknown,  and  in  Goldfuss'  restoration  (fig. 
1099)  it  was  made  like  that  oi  Pterodactylus ;  but  Professor  Zittel 
considers  that  it  was  elongated  like  that  of  Rhamphorhynchus  and 
Ditnorphodon  (fig.  11 01).  The  type  species,  which  attains  con- 
siderable dimensions,   occurs    in   the  Kimeridgian   limestones  of 


Fig.  io98.~Re8toration  of  DimorpfuHUn  macronyx*    Reduced.    (After  Owen.) 

Bavaria,  but  the  genus  is  also  represented  in  the  Upper  Lias  of 
Whitby.  It  is  noteworthy  that  the  peculiar  form  and  relations 
of  the  jugal  and  quadratojugal  found  in  the  Dinosaurian  genus 
Diplodocus  (fig.  1076)  also  obtain  in  Scaphognathus.  In  Rhampho- 
rhynchus^ of  the  Kimeridgian  of  Bavaria,  the  extremities  of  the 
jaws  are  usually  devoid  of  teeth ;  while  in  the'  hinder  region  the 
teeth  incline  forwards  instead  of  having  the  nearly  vertical  direction 
of  those  of  Scaphognathus.  The  scapula  and  coracoid  were  some- 
times anchylosed;  the  astragalus  was  generally  distinct  from  the 
tibia ;  the  pes  had  either  four  or  five  digits ;  the  pubes  were  slender, 
bent,  and  joined  by  a  bony  symphysis;  while  the  long  tail  was 
strengthened  by  the  ossification  of  its  tendons.  The  membranous 
patagium  developed  a  leaf-like  expansion  at  the  extremity  of  the  tail* 
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as  is  beautifully  shown  in  a  specimen  of  the  typical  jR,  Muensteri^ 
of  which  a  restoration  is  shown  in  the  accompanying  woodcut. 


Fig.  1099.— The  skeleton  and  patagium  of  Scaphogiiatktu  crassirostrU  according  to  the 
restoration  of  Goldfun;  from  the  Kimeridgian  of  Havana.  Reduced,  llie  presence  of  the  firnt 
digit  in  the  manus  is  incorrect ;  the  tail  should  be  long ;  while  the  patagium  should  have  been 
more  extended  posteriorly,  as  in  fig.  X098. 

This  species  was  of  comparatively  small  size ;  but  R,  grandis^  in 
which  the  astragalus  united  with  the  tibia,  attained  considerably 
larger  dimensions.    Rhamphouphalus^  of  the  Lower  Jurassic  Stones- 


Fig.  I  too.— Restoration  cX  RkampkorkynchMS  AfMensierH^hyilMrus)\  from  the  Lower 
Kimeridgian  of  Bavaria.    One^seventh  natural  size.    (After  Marsh.) 

field  slate,  is  distinguished  from  the  preceding  genus  by  the  form 
of  the  teeth,  and  the  great  interorbital  constriction  of  the  cran- 
Dorygnathus^  from  the  Upper  Lias  of  Germany,  appears  to 


jum. 
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have  been  an  allied  genus.     In  the  Lower  Liassic  genus  Ditnorph- 
odon  (fig.  iioi)  the  jaws  are  toothed  to  their  anterior  extremities, 

and  the  hinder  teeth  of  the  man- 
dible are  much  smaller  than  those 
in  front.  Both  the  nares  and  pre- 
orbital  vacuities  are  of  enormous 
size,  and  are  separated  by  a  narrow 
bar.  The  coracoid  is  anchylosed 
to  the  scapula;  and  the  astragalus 
united  to  the  tibia.  Dimorphodon 
is  thus  the  earliest  known  represen- 
tative of  the  order ;  and  the  one 
species  attained  considerable  dimen- 
sions. Its  remains  occur  in  the  Liassic 
shales  of  Lyme  Regis  in  Dorsetshire, 
and  were  first  brought  to  notice  in 
1822  by  the  indefatigable  Dean  Buck- 
land. 

Ordinal  Position  Uncertain.— 
Here  may  be  noticed  a  genus  of  which 
the  serial  position  must  for  the  present 
remain  undecided.  It  is  known  as 
Ornithodesmus^  and  was  founded  upon' 
an  imperfect  sacrum  from  the  English* 
Wealden,  which  has  been  regarded  is 
Avian,  although  its  right  to  distinc- 
tion from  the  Omithosauria  appears 
by  no  means  certain.  It  may  be 
observed  that  the  so-called  Omitho- 
pterus^  of  the  Upper  Jurassic  lime- 
stones of  Bavaria,  said  to  be  char- 
acterised by  the  presence  of  only  two 
digits  in  the  ulnar  digit  of  the  manus, 
and  which  has  been  regarded  as 
Avian,  appears  to  have  been  found- 
ed upon  an  imperfect  specimen  of 
Rhamphorhynchus ;  and  it  may  also 
be  mentioned  that  the  name  Orm- 
thopterus  is  preoccupied  by  the  Lepi- 
dopterous  genus  Omithoptera,  Fin- 
ally, it  has  been  suggested  that  a 
tooth  from  the  Trias  of  Italy  de- 
scribed under  the  name  of  Tribelesodon  may  indicate  an  Omitho- 
saurian  at  that  early  period,  but  the  evidence  in  support  of  that 
view  is  at  present  wholly  insufficient. 


Fig.  xiox.  —  Restored  skeleton  of 
Dimorphodon  macronyx ;  from  the 
Lower  Lias.  Reduced,  f^  Ulnar  diffit ; 
m,  Other  digits ;  /,  MeUtarsus.  (After 
Owen.) 
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CHAPTER     LVI. 

CLASS  AVES, 

General  Structure,  * 

The  fifth  class  of  the  Vertebrata  is  that  of  Aves,  or  Birds,  which, 
as  we  have  already  mentioned  under  the  description  of  the  class 
Reptilia,  presents  a  number  of  characters  in  common  with  the 
latter.  Birds,  indeed,  as  Professor  Huxley  remarks,  are  animals 
so  similar  to  Reptiles  in  all  the  most  essential  features  of  their 
organisation,  that  they  may  be  said  to  be  merely  an  extremely 
modified  and  aberrant  Reptilian  type.  Their  differentiation  is, 
however,  so  great  as  to  indicate  without  doubt  their  right  to  form 
a  distinct  class.  It  will  be  unnecessary  to  recapitulate  the  char- 
acters common  to  Birds  and  Reptiles — together  constituting  the 
province  Sauropsida — and  we  may  accordingly  proceed  to  note 
the  distinctive  features  of  the  former  class.  It  may  be  well,  how- 
ever, to  observe  before  proceeding  further  that,  according  to  the 
arrangement  proposed  by  Professor  A.  Newton,  Birds  are  divided 
into  three  primary  divisions  or  orders,  respectively  known  as 
Saururae,  Ratitae,  and  Carinatae ;  the  fossil  representatives  of  which 
will  be  noticed  in  the  next  chapter. 

In  the  first  place,  all  Birds,  so  far  as  can  be  ascertained,  were 
provided  with  the  peculiar  epidermal  covering  known  as  feathers, 
which  are  totally  unknown  among  the  Reptiles ;  while  ossifications 
in  the  dermis  are  extremely  rare,  and  never  take  the  form  of  bony 
scutes.  No  Bird,  again,  has  procoelous  vertebrae  \  while  in  all  ex- 
isting forms  the  centra  of  the  cervicals  have  cylindroidal,  saddle- 
shaped,  articular  surfaces,  although  these  are  amphicoelous  in  certain 
Mesozoic  forms.  In  no  cases  are  there  sacral  ribs  for  attachment 
of  the  ilia  in  the  proper  sacral  vertebrae.  The  sternum  has  no 
backwardly-produced  median  processes  for  the  ribs ;  all  of  which 
are  attached  superiorly  to  its  lateral  borders.  If  an  interclaviclc 
ever  exists,  it  is  fused  with  the  clavicles  into  a  compound  bone 


Digitized  by  LjOOQ  IC 


GENERAL  STRUCTURE.  I209 

termed  the  furcula  (fig.  11 06).  No  Bird  has  more  than  three 
digits  in  the  manus;  all  of  which  may  be  furnished  with  claws. 
The  three  elements  of  the  pelvis  are  nearly  always  anchylosed 
together  in  the  adult  (fig.  1102);  the  ilium  being  produced  in 
advance  of  the  acetabulum  (of  which  the  inner  wall  is  unossified), 
and  the  ischium  and  pubis  directed  backwards,  in  a  more  or  less 
parallel  direction,  and  only  very  rarely  meeting  in  a  ventral  sym- 
physis. The  proximal  row  of  the  tarsus  is  always  united  with  the 
tibia  to  form  a  tibio-tarsus ;  while  the  distal  row  coalesces  with  the 


Fig.  ixo2.~Right  lateral  view  of  the  pelvis  and  caudal  vertebrae  of  a  Fowl  {Galhu).     11^  Ilium  ; 
/«,  Ischium ;  Pb^  Pubis ;  Am^  Acetabulum ;  dl^  Dorso-Iumbar  vertebrae ;  Cd^  Caudal  do. 

three  median  metatarsals  to  constitute  a  tarso-metatarsus.  In  all 
recent  Birds  only  the  right  aortic  arch  is  present ;  the  arterial  and 
venous  circulations  meeting  only  in  the  capillaries ;  and  the  blood 
is  hot 

Some  of  the  above  characters  are  common  to  certain  Reptiles ; 
and  it  is  only  the  whole  of  them  collectively  which  can  be  regarded 
as  characteristic  of  Birds  as  a  class. 

Noticing  in  rather  more  detail  certain  features  of  the  osteology, 
it  may  be  observed  that  the  skeleton  is  usually  remarkable  for  its 
combination  of  compactness  and  lightness,  and  also  by  the  per- 
meation of  the  greater  number  of  the  bones  by  air-cavities.  The 
skull  (fig.  1 103)  is  formed  on  the  general  reptilian  type,  but  is 
remarkable  for  the  greater  relative  development  of  the  brain-case, 
although  this  feature  is  nearly  paralleled  in  the  Omithosauria.  The 
component  bones  have  a  great  tendency  to  unite  in  the  adult  by 
the  obliteration  of  their  sutures,  and  their  texture  is  delicate  and 
spongy,  and  totally  unlike  the  ivory-like  structure  so  generally  observ- 
able among  Reptiles.  The  single  occipital  condyle,  which  is  mainly 
formed  by  the  basioccipital,  is  not  placed  at  the  hinder  extremity 
of  the  cranium,  but  becomes  shifted  forwards  and  downwards,  so 
that  the  basal  axis  of  the  latter  forms  an  angle  with  the  axis  of  the 
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vertebral  column.  In  Reptiles  a  similar  feature  occurs  in  the 
Ornithosauria.  The  inferior  temporal  arcade,  formed  by  the  jugal 
and  quadratojugal  (fig.  1103),  and  connecting  the  maxilla  with  the' 
quadrate,  is  invariably  present,  but  the  superior  temporal  arcade  is 
always  wanting ;  and  there  are  never  distinct  postorbitals  or  post- 
frontals.  The  complete  inclusion  of  the  parietals  in  the  roof  of  the 
brain-case  prevents  the  formation  of  the  posttemporal  fossa^  which 
constitute  such  a  characteristic  feature  in  the  skulls  of  the  majority 
of  Reptiles ;  and  no  Bird  has  a  parietal  foramen.  The  base  of  the 
cranium  is  formed  by  the  basioccipital  and  basisphenoid,  from  the 
latter  of  which  proceeds  the  rod-like  sphenoidal  rostrum,  represent- 
ing the  anterior  part  of  the  parasphenoid  ;  while  the  posterior  portion 


fmx  ^^ 


Fig.  ixo^.~Left  lateral  view  of  the  skull  of  the  Fowl.  tU^  Dentary  portion  of  the  nuodibk: 
ar,  Articular  portion  of  do. ;  ou^  Quadrate ;  $q^  Squamosal ;  /9,  Exocapiul;  to^  Supraocdpital : 
/rt,  Parietal;  /r,  Frontal;  /a,  Lachr>inal;  »a,  Nasal;  vo^  Vomer;  /wjr,  Premaxilla;  mjt, 
Maxilla ;  >»,  Jugal  ;  jt/,  Quadratojugal ;  //,  Pterygoid  ;  //,  Palatine ;  m,  Interorbital  septum. 

of  the  latter  persists  in  the  basitemporal  plate  underlying  the  basi- 
occipital and  basisphenoid.  There  is  always  a  preorbital  (lachrymo- 
nasal)  vacuity  between  the  nasal,  lachrymal,  and  maxilla  (the  tri- 
angular space  immediately  behind  the  nasals  in  fig.  11 03),  as  in 
many  extinct  Reptiles ;  and  the  interorbital  septum  is  alwa>'s  more 
or  less  ossified.  The  narial  aperture  (fig.  1103)  is  lateial,  and 
nearly  always  placed  a  short  distance  in  advance  of  the  orbit  near 
the  root  of  the  beak.  The  greater  portion  of  the  latter  is  formed, 
as  in  the  Ornithosauria,  by  the  premaxillae,  which  coalesce  at  a  very 
early  period  in  the  middle  line,  and  thus  form  a  triradiate  bone, 
giving  off  a  median  nasal  and  a  pair  of  lateral  maxillary  processes. 
The  pterygoids  (fig.  1103)  never  unite  together  in  the  middle  line 
to  form  a  completely  closed  palate ;  and  neither  those  bones  nor  the 
palatines  ever  develop  inferior  palatal  plates  to  separate  the  narial 
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pwtfsage  firom  the  mouth.  In  this  respect,  therefore,  the  develop- 
ment of  the  Bird's  skull  does  not  attain  such  a  specialisation  as  that 
of  the  existing  Crocodiles.  The  quadrate  is  usually  movably  at- 
tached to  the  squamosal ;  and  the  articulation  of  the  palatopterygoid 
bar  to  the  basipterygoid  processes  of  the  sphenoidal  rostrum  is  also 
a  movable  one,  by  which  means  the  premaxillary  beak  can  be  moved 
to  a  certain  extent  upon  the  rest  of  the  skull.  The  vomers  are 
subject  to  great  variation.  They  underlie  the  ethmosphenoidal 
region,  and  when  present  are  connected  posteriorly  with  the  pala- 
tines, except  in  the  Ostrich.  The  relations  of  these  and  the  other 
bones  of  the  palate  form  important  features  in  Professor  Huxley's 
classification  of  Birds;  but  since  this  is  a  subject  to  which  the 
attention  of  the  Palaeontologist  is  but  seldom  directed,  the  reader 
desirous  of  further  information  must  refer  to  other  works.  The 
jugal  and  the  quadratojugal  are  slender,  rod-like  bones,  of  which 
the  former  articulates  with  the  equally  slender  maxilla,  and  the  latter 
by  a  hollow  surface  with  the  quadrate.  In  all  existing  Birds  the 
dentary  elements  of  the  two  rami  of  the  mandible  are  always  found 
welded  at  the  symphysis  into  a  single  bone ;  but  in  the  Cretaceous 
Ichthyomis,  and  perhaps  in  other  Mesozoic  forms,  this  union  is 
imperfect.  There  is  frequently  a  lateral  vacuity  between  the  den- 
tary and  splenial,  like  that  of  the  Crocodilia.  The  angle  of  the 
mandible  may  be  either  truncated,  or  produced  into  a  long  recurved 
process,  as  in  the  Fowls  (fig.  1103),  Ducks,  and  Geese.  In  exist- 
ing and  Tertiary  Birds  the  beak  is  ensheathed  in  horn,  and  is 
totally  devoid  of  teeth ;  but  rudiments  of  teeth  have  been  found  in 
some  Parrots.  And  in  certain  Mesozoic  forms  the  premaxilla, 
maxilla,  and  dentary  bones  were  furnished  with  a  complete  series 
of  sharp  teeth.  A  ring  of  bones  is  always  developed  in  ^e  sclerotic 
of  the  eye. 

In  some  Mesozoic  Birds  the  vertebral  centra  were  amphiccelous, 
but  in  all  others  the  vertebrae  exhibit  certain  well-marked  peculiari- 
ties. Thus  the  neural  articulations  are  always  well  developed,  and 
the  arch  is  invariably  articulated  to  the  centrum.  The  neck  is 
usually  very  long ;  the  number  of  its  vertebrae  ranging  from  eight 
to  twenty-three.  The  atlas  vertebra  forms  a  thin  ring,  in  which  the 
transverse  ligament  may  be  ossified ;  and  the  axis  always  has  the 
odontoid  process  anchylosed  to  it.  The  succeeding  cervicals  have 
either  short  neural  spines,  or  no  spines  at  all ;  the  anterior  surfaces 
of  their  centra  are  cylindroidal  and  convex  from  above  downwards, 
and  concave  from  side  to  side,  the  reverse  condition  obtaining  pos- 
teriorly (fig.  1 104).  These  surfaces  are  usually  described  as  saddle- 
shaped  ;  *  and  there  may  be  a  haemal  spine  inferiorly.    In  the  imma- 

*  The  term  htttroccelous  has  been  proposed  for  this  type  of  vertebral  structure. 
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ture  Ratitse  the  cervicals  have  ribs  articulating  with  an  upper  and  a 
lower  process,  as  in  the  Crocodilia;  and  in  the  adult  (fig.  1104) 
these  ribs  anchylose  to  the  vertebrae,  and  thus  resemble  perforated 
transverse  processes,  in  which  the  canal  (/)  serves  for  the  protection 
of  the  vertebral  artery.^  In  adult  Carinatae  these  lateral  arches,  as 
they  may  be  termed,  become  further  modified,  and  develop  pro- 
longations for  the  protection  of  other  parts  of  the  vasculo-neurai 
system.  The  dorsal  vertebrae  are  liable  to  variation  in  number; 
their  centra  usually  resemble  those  of  the  cervical  region,  but  in 
the  Penguins  the  articular  surfaces  of  some  may  be  spheroidal  an- 


Fig.  1104.— <a)  Anterior  and  (b)  posterior  views  of  a  cervical  vertebra  of  Hetperemis  regsUt; 
from  the  Cretaceous  of  North  America.  *,  Neural  spine ;  »,  Prezygapophysis ;  «',  Postzygapo- 
physis :  d.  Transverse  process,  or  diapophysis  ;  /,  Rib-facet,  or  parapophysis ;  nc.  Neural  canal ; 
/,  Costal  canal.    (After  Marsh.) 

teriorly.*  They  usually  have  well-marked  neural,  and  may  or  may 
not  have  inferior  median  spines ;  and  they  are  in  some  instances 
anchylosed  together,  but  in  others  are  susceptible  of  a  limited 
amount  of  motion.  Throughout  the  whole  dorsal  series  there  is  a 
well-developed  transverse  process  from  the  arch  for  the  tuberculum 
of  the  rib ;  while  the  centrum  has  a  lateral  facet  for  the  capitulum. 
The  method  of  costal  articulation  resembles,  therefore,  that  obtaining 
in  the  first  two  dorsal  vertebrae  of  the  Crocodilia.  These  features 
are  characteristic  of  all  Birds.  The  dorsal  vertebrae  are  succeeded 
posteriorly  by  a  number  of  anchylosed' vertebrae  forming  the  sacrum. 
According,  however,  to  the  researches  of  Dr  Gadow,  only  two  or 
three  of  these  vertebrae  are  truly  sacral ;  those  in  front  belonging  to 
the  lumbar,  and  those  behind  to  the  caudal  region.  Of  the  proper 
sacrals  the  two  hindmost  correspond  to  those  of  the  Crocodilia,  and 
the  second  of  these  to  the  single  sacral  of  the  Amphibia.  The  ver- 
tebrae articulating  with  the  ilia  do  not  develop  ribs,  but  articulate 

^  This  arrangement  of  the  ribs  is  precisely  similar  to  that  occurring  in  certain 
Dinosaurs,  as  is  shown  in  fig.  1071  (p.  I170). 

*  Certain  Water  and  Wading  Birds  as  well  as  Parrots,  and  the  remarkable 
Stealornis  have  opisthocoelous  dorsal  vertebrae.  The  Parrots  also  have  epiphyses 
to  these  vertebra. 
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by  transverse  processes  placed  on  the  arch.  The  anchylosed  series 
of  caudals,  which  are  sometimes  termed  uro-sacral^  are  in  some  in- 
stances, as  in  Archaopteryx  and  Rhea^  followed  by  a  considerable 
number  of  free  vertebrae,  but  more  usually  by  only  a  few,  succeeded 
by  a  triangular  terminsd  bone,  known  as  the  pygostyle  (fig.  11 06), 
which  carries  the  tail  feathers  and  glands,  and  represents  several 
coalesced  vertebrae.  In  no  known  Birds  are  ossified  intercentral 
elements  developed,  with  the  exception  of  the  inferior  bar  of  the 
atlas  vertebra.  Nearly  all  the  dorsal  ribs 
develop  tubercular  and  capitular  pro- 
cesses, and  some  have  also  uncinate  pro- 
cesses (fig.  1 106,  w/).  The  sternum  has 
a  pair  of  grooves  superiorly  for  the  re- 
ception of  the  coracoids;  and  in  the 
Ratitae  (fig.  1105)  it  is  rhomboidal  and 
convex,  without  trace  of  a  median  keel, 
its  development  taking  place  from  two 
lateral  centres.  In  the  majority  of  Cari- 
natae  the  sternum  (fig.  1 1 06,  st)  is,  how- 
ever, elongated,  and  has  a  strong  median  Fig.  1105.— Sie^i  region  of  the 
keel  for  the  attachment  of  the  pectoral  g^Su-'^'.'cS^oid.*^***"'***'  '' 
muscles.     In  this  type  two  membranous 

vacuities  frequentiy  exist  in  the  posterior  portion,  which  in  the  dry 
skeleton  form  holes  or  notches,  separated  by  bony  processes,  which 
represent  divisions  of  the  Mammalian  xiphistemum.  In  many 
Carinatae,  and  especially  the  Passerines,  there  are  also  developed  a 
median  manubrium  stemi,  and  lateral  costal  processes  for  the  attach- 
ment of  the  ribs.  The  coracoid  (fig.  1 106,  c)  in  the  Carinatae  is  an 
elongated  bone  more  like  that  of  Crocodiles  than  that  of  Dinosaurs ; 
it  has  no  fontanelle,  and  articulates  at  an  acute  angle  with  the  scap- 
ula, from  which  it  usually  remains  distinct.  It  takes  an  equal  share 
with  the  latter  in  the  formation  of  the  glenoid  cavity  for  the  head  of 
the  humerus,  and  at  its  distal  end  may  overlap  its  fellow.  In  the 
Ratitae  the  coracoid  (fig.  iiii)  is,  however,  generally  shorter  and 
more  Dinosaurian-like,  and  may  have  a  fontanelle,  while  its  long 
axis  is  either  coincident  or  parallel  with  that  of  the  adjacent  portion 
of  the  scapula,  with  which  it  is  invariably  anchylosed  in  the  adult. 
The  scapula  in  Carinate  Birds  (fig.  11 06,  s)  consists  of  a  thin  and 
narrow  plate  of  bone,  often  extending  backwards  to  a  considerable 
length,  and  without  any  suprascapula.  Occasionally  an  additional 
bony  rod  is  developed  on  the  outer  side  of  the  scapula.  The 
glenoidal  ends  of  both  the  scapula  and  coracoid  are  divided  into  a 
glenoidal  and  a  clavicular  process  in  this  order.  In  the  same  order 
the  clavicle  is  nearly  always  well  developed,  and  fuses  with  its  fellow 
to  form  the  U-shaped  furcula  (fig.   iio6,yS/);  but  in  the  Ratitae 
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Kig.  I io6.— Skeleton  of  Eagle  {Aquila).  Reduced.  M  Postorbital  process;  *»«,  MandiNe; 
*/,  Sternum ;  </r,  Rib ;  jr,  Sternal  do.  ;  «/,  Uncinate  process ;  C0t  Pygostylc  :^,  Furcula^, 
Coracoid  ;  s,  Scapula ;  A,  Humerus ;  r,  Radius ;  «,  Uuia  ;  ca,  Carpus ;  mc^  Metacarpos ;  ^« 
PolJex  ;  </,  etj  Phalangeals  of  first  digit ;  rf",  Do.  of  second  do. ;  /,  Ilium  ;  /,  Femur ;  //,  P»»«JV' 
it'  Tibia;  y»,  Fibula;  /m,  Tarsometaursus ;  w,  First  meutarsal ;  /a,  Phalangeals.  (After 
Milne- Ed  wards.) 
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the  clavicles  are  rudimentary  or  wanting,  and  never  unite  to  form  a 
iurcula.  No  Bird  preserves  a  distinct  interclavicle,  although  it 
has  been  thought  that  the  median  portion  of  the  furcula  represents 
this  element — a  view  which,  from  developmental  considerations,  is 
now  regarded  as  improbable.  The  furcula  itself  may  anchylose 
with  either  the  manubrium  of  the  sternum,  or  with  the  coracoids ; 
and  very  rarely  both  these  unions  occur  together. 

In  the  pectoral  limb  the  component  bones,  when  at  rest,  have 
been  greatly  altered  from  their  original  primitive  position;  the 
change  being  somewhat  greater  than  that  occurring  in  the  majority 
of  Mammals.  The  humerus  of  Carinates  (fig.  i  io6.  A)  is  expanded 
at  both  ends ;  the  proximal  extremity  having  a  strong  preaxial  delto- 
pectoral  ridge  for  the  pectoral  muscle.  The  pneumatic  foramen 
occurs  on  the  proper  dorsal  aspect ;  and  at  the  distal  extremity  the 
prominent  oblique  condyle,  on  the  outer  side  of  the  palmar  aspect 
for  the  articulation  of  the  radius,  forms  a  very  characteristic  feature. 
In  the  Ratitae  this  bone  has  less  distinctive  characters,  and  may  be 
very  small,  or  even  absent.  There  is  no  foramen  for  vessels  at  the 
distal  extremity  of  the  humerus  in  any  member  of  the  class.  The 
radius  and  ulna  (fig.  1106,  u,r)  are  always  separate;  the  former, 
which  is  usually  the  larger  of  the  two,  being  frequently  marked  with 
a  line  of  tubercles  for  the  attachment  of  the  secondary  wing-feathers. 
In  the  adult  of  recent  Birds  the  free  bones  of  the  carpus  are  reduced 
to  two — a  radiale  and  ulnare ;  but  in  the  Jurassic  Archaopteryx  only 
the  radiale  remains.  In  the  latter  genus  the  manus  comprises  three 
free  metacarpals  and  digits;  of  which  the  first  carried  two,  the 
second  three,  and  the  third  four  phalangeals ;  the  terminal  bone  in 
each  digit  being  furnished  with  a  claw.  In  existing  Carinate  Birds 
the  three  metacarpals  (fig.  1106)  are  more  or  less  completely  fused 
together;  and,  according  to  Professor  Weinsheimer,  ten  families 
possess  the  same  number  (two)  of  phalangeals  in  the  first  digit  as 
in  Archaopietyx^  the  distal  one  bearing  a  claw ;  while  four  families 
also  possess  three  phalangeals  in  the  second  digit,  like  ArcIuEopteryx^ 
but  in  only  two  of  these  families  is  the  terminal  phalangeal  provided 
with  a  claw.  In  all  existing  Carinates  the  third  digit  has  only  a 
single  i^alangeal,  without  a  claw.  Among  the  Ratitse  there  are 
three  digits  in  Struthio  and  Rhea  ;  but  Apteryx  and  Casuarius  have 
but  a  single  digit,  which  is  clawed.  There  is  usually  an  interspace 
between  the  curved  second  and  third  metacarpals  which  may  be 
filled  up  by  a  thin  plate  of  bone. 

The  characters  of  the  pelvis  have  been  already  briefly  alluded  to. 
The  ilium  (fig.  1 107)  is  always  produced  considerably  on  both  sides 
of  the  acetabulum,  and  in  some  cases,  as  in  the  Apteryx,  the  anterior 
production  is  very  great;  it  articulates  with  the  long  sacrum,  of 
which  the  homology  has  been  already  noticed.     The  ilium  arches 
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over  the  greater  part  of  the  acetabulum,  of  which,  as  already  men- 
tioned, the  centre  is  unossified,  and  has  an  external  articular  surface 
for  the  great  trochanter  of  the  femur  termed  the  antitrochanter. 
The  ischium  forms  the  hinder  half  of  the  inferior  part  of  the  aceta- 
bulum, and  is  a  moderately  broad  bar  of  bone  directed  downwards 
and  backwards,  or  occasionally  backwards  (^%.  1112).  In  the 
Carinatae  (fig.  1102)  it  generally  unites  inferiorly  with  the  ilium,  by 
which  means  the  upper  part  of  the  ilio-ischiatic  notch  is  converted 
into  a  foramen;  but  in  the  Ratitae  (figs.  1107,  1112)  there  is  no 
such  union.  In  Rhea  alone,  among  existing  Birds,  the  ischia  unite 
in  a  ventral  symphysis.     The  pubis  is  generally  a  long  and  slender 


Fig.  1 107.— Left  side  of  the  pelvis  of  the  Emeu  {Drom^eus).    Reduced.    »7,  Ilium ;  is,  Ischium ; 
/',  Pubis ;  /,  Pectineal  process  of  do. ;  a,  Aceubulum.    (After  Marsh.) 

bone  running  parallel  to  the  ischium,  and  entering  into  the  anterior 
part  of  the  lower  border  of  the  acetabulum ;  it  frequently  gives  off 
a  pectineal  process  (fig.  1107),  which  is  apparently  homologous  with 
the  preacetabular  process  of  the  pubis  of  the  Omithopodous  Dino- 
sauria.  The  Ostrich  (Struthio)  is  peculiar  among  living  Birds  in 
having  a  symphysis  pubis  ;  while  in  Archaopteryx  alone  are  the  three 
pelvic  bones  separate.  The  femur  is  a  short  thick  bone,  with  its 
head  placed  at  right  angles  to  the  shaft,  as  in  certain  Dinosauria. 
Its  condyles  are  large,  and  antero-posteriorly  elongated.  A  patella 
is  frequently  present,  and  may  be  double.  The  fibula  is  always  im- 
perfect distally,  and  may  be  completely  anchylosed  to  the  tibia. 
The  latter,  or  tibio-tarsus  as  it  should  be  correctly  termed,  is  a  very 
characteristic  bone ;  and  is  always  longer  than  the  femur.  Proxi- 
mally  this  bone  is  expanded  and  produced  into  an  anterior  cnemial 
process,  like  that  of  the  Dinosauria,  which  may  extend  above  the 
knee-joint;  and  the  distal  extremity  (fig.  1108,  a)  has  a  trochlea- 
like  surface,  and  consists  of  the  astragalus  of  the  tarsus,  which  has 
been  completely  fused  with  the  tibia.     On  the  anterior  surface  of 
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this  bone,  above  the  astragalus,  there  is  frequently  (as  in  fig. 
1 108,  a)  a  bony  bridge  over  the  channel  for  the  extensor  tendons  of 
the  foot  The  tarso-metatarsus  (fig.  1106,  tm)  immediately  suc- 
ceeds the  tibia;  and  consists  proximally  of  the  distal  portion 
of  the  tarsus,  with  which  the 
three  middle  metatarsals  of  the 
typical  foot  are  usually  com- 
pletely welded  to  form  a  rod- 
like bone,  generally  terminat- 
ing in  three  distal  pulley-like 
surfaces  for  the  articulation  of 
the  phalangeals.  In  the  Pen- 
guins, however,  intervals  exist 
between  the  three  component 
bones  of  the  shaft ;  and  in 
the  Ostrich  only  two  metatar- 
sals enter  into  the  compound 
element  Generally  the  me- 
dian metatarsal  at  its  distal 
end  is  thrust  somewhat  in  ad- 
vance of  the  other  two  (fig. 
1 1 08,  b).  The  form  of  the 
distal  condyles  of  this  bone 
is  very  characteristic  of  differ- 
ent groups  of  Birds.  In  cases 
where  the  hallux,  or  first  digit, 
is  developed  it  is  only  the  dis- 
tal portion  of  its  metatarsus 
which  is  attached  to  the  posterior  aspect  of  the  tarso-metatarsus. 
No  adult  Bird  has  any  trace  of  a  fifth  digit,  and  the  number  of 
digits  may  vary  from  two  (Ostrich)  to  four  (Parrots).  In  four-toed 
Birds  the  phalangeals  generally  number  2,  3,  4,  5,  reckoning  from 
the  first  (hallux)  to  the  fourth  digit. 

This  increase  in  an  arithmetical  ratio  of  the  phalangeals  of  the  toes,  in 
proceeding  from  the  inner  to  the  outer  side  of  the  foot,  obtains  in  almost 
all  Birds,  and  enables  us  readily  to  detect  which  digit  is  suppressed,  when 
the  normal  four  are  not  all  present  Variations  of  different  kinds  exist, 
however,  in  the  number  and  disposition  of  the  toes.  In  many  Birds — 
such  as  the  Parrots — the  outermost  toe  is  turned  backwards,  so  that  there 
are  two  toes  in  front  and  two  behind  ;  whilst  in  the  Trogons  the  inner  toe 
is  turned  back  with  the  hallux,  and  the  outermost  one  is  turned  forwards. 
In  others,  again,  the  outer  toe  is  normally  directed  forwards,  but  can  be 
turned  backwards  at  the  will  of  the  animial.  In  the  Swifts,  on  the  other 
hand,  all  four  toes  are  present,  but  they  are  all  turned  forwards.  In 
many  cases — especially  amongst  the  Anserine  birds — the  hallux  is  wholly 
wanting,  or  rudimentary.  In  the  Emeu,  Cassowary,  Bustards,  and  other 
genera,  the  hallux  is  invariably  absent,  and  the  foot  is  three-toed.    In  the 


Fig.  1108.— /^rr  tmtloHOCtpkaJa,  The  distal 
portion  of  the  right  tibio-tarsus  (a)  and  left  tarso- 
metatarsus  (b). 
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Ostrich  both  the  hallux  and  the  second  toe  are  wanting,  and  the  foot  con- 
sists simply  of  the  third  and  fourth  digits. 

In  regard  to  their  geological  distribution  it  should  be  observed 
that  the  remains  of  Birds  are  generally  by  no  means  so  common  in 
ossiferous  deposits  as  those  of  Mammals.  This  scarcity  is  probably 
in  part  due  to  the  comparatively  small  size  and  fragile  nature  of  the 
bones  of  a  large  number  of  members  of  the  class ;  and  also,  as  Sir 
C.  Lyell  has  observed,  to  the  circumstance  that  "the  powers  of 
flight  possessed  by  most  birds  would  ensure  them  against  perishing 
by  numerous  casualties  to  which  quadrupeds  are  exposed  during 
floods ; "  so  that,  "  if  they  chance  to  be  drowned,  or  to  die  when 
swimming  on  water,  it  will  scarcely  ever  happen  that  they  will  be 
submerged  so  as  to  become  preserved  in  sedimentary  deposits, 
since,  from  the  lightness  of  the  bones,  the  carcass  would  remain 
long  afloat,  and  would  be  liable  to  be  devoured  by  predaceous  ani- 
mals." To  these  considerations  must  be  added  the  absence  of  teeth 
in  the  great  majority  of  Birds,  whereby  we  are  deprived  of  evidence 
which  in. the  case  of  Mammals  has  thrown  most  important  light 
upon  the  nature  and  affinity  of  fossil  forms. 

The  earliest  suggestion  of  the  occurrence  of  Birds  is  afforded 
by  impressions  of  huge  Sauropsidan  feet  (fig.  1109)  found  in  the 
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Fig.  1 109. — Sauropsidan  footprint,  and  impressions  ofrainKirops ;  from  the  Trias  of  the 
Connecticut  Valley.    Reduced. 

reputed  Triassic  sandstone  of  the  Connecticut  Valley  in  the  United 
States.  These  impressions  were  evidently  made  either  by  Omitho- 
podous  Dinosaurs,  or  by  Ratite  Birds ;  and  the  occurrence  of  cer- 
tain reptilian  bones  in  the  same  deposits  indicates  that  at  least  some 
of  them  are  probably  of  Dinosaurian  origin.     The  absence  of  the 
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impression  of  a  tail  among  some  of  these  tracks  renders  it,  however, 
not  altogether  improbable  that  a  few  of  them  may  be  due  to  Birds. 

Apart  from  the  foregoing  extremely  doubtful  evidence,  the  earliest 
undoubted  occurrence  of  Birds  is  in  the  Upper  Jurassic,  where  we 
find  Arcfutopteryx  in  the  Kimeridgian  of  Bavaria.  Laopteryx^  from 
the  Jurassic  of  North  America,  which  was  described  as  a  Bird,  is 
more  probably  a  Reptile.  Of  the  extremely  generalised  nature  of 
the  former  mention  is  made  in  the  next  chapter.  In  the  Cretaceous 
system  of  North  America  we  find  not  only  the  remarkable  toothed 
Birds,  which  were  already  differentiated  into  the  Ratite  and  Carinate 
modifications ;  but  there  were  apparently  others  more  nearly  allied 
to  existing  types.  Bird-remains  also  occur  rarely,  and  in  a  very 
fragmentary  state,  in  the  Upper  Cretaceous  of  Europe.  With  the 
Eocene  we  enter  upon  an  Avian  fauna  of  a  decidedly  modem  type ; 
and  at  the  period  of  the  Lower  Miocene  the  greater  number  of 
existing  suborders  were  well  represented. 

We  are  at  present  to  a  great  extent  in  the  dark  as  to  the  manner 
in  which  Birds  branched  off  from  the  primitive  Sauropsidan  stock ; 
but  it  is  pretty  evident  that  the  Dinosauria  are  those  Reptiles  most 
nearly  related  to  Birds,  and  that  the  Omithosauria  are  totally  out  of 
the  direct  ancestral  line, — the  curious  resemblance  which  they  pre- 
sent to  Carinate  Birds  being  apparently  solely  due  to  their  somewhat 
similar  mode  of  life. 

In  respect  to  the  mode  of  origin  of  the  Ratite  and  Carinate  modifica- 
tions of  Bird 'Structure,  we  may  quote  from  an  admirable  article  by  Pro- 
fessor A.  Newton,  who  observes  that — "  First  of  all  we  find  that  while 
Birds  still  possessed  the  teeth  they  had  inherited  from  their  Reptilian 
ancestors,  two  remarkable  and  very  distinct  types  of  the  class  had  already 
made  their  appearance,  and  we  must  note  that  these  two  types  are  those 
which  persist  at  the  present  day,  and  even  now  divide  the  class  into  the 
Ratitae  and  Carinatae.  Furthermore,  while  the  Ratite  type  (Hesperomii) 
presents  the  kind  of  teeth,  arrayed  in  grooves,  which  indicate  (in  Rep- 
tiles at  least)  a  low  morphological  rank,  the  Carinate  type  {Ichthyomis) 
is  furnished  with  teeth  set  in  sockets  and  showing  a  higher  development. 
On  the  other  hand,  this  early  Carinate  type  has  vertebrae,  whose  com- 
paratively simple  biconcave  form  is  equally  evidence  of  a  rank  unques- 
tionably low ;  out  the  saddle-shaped  vertebrae  of  the  contemporary  Ratite 
type  as  surely  testify  to  a  more  exalted  position.  Reference  has  been 
already  made  to  this  complicated  if  not  contradictory  state  .of  things  ; 
the  true  explanation  of  which  seems  to  be  out  of  reach  at  present.  It 
has  been  for  some  time  a  question  whether  the  Ratite  is  a  degraded  type 
descended  from  the  Carinate,  or  the  Carinate  a  superior  development  of 
the  Ratite  type."  The  Professor,  after  noticing  that  many  Zoologists 
have  adopted  the  former  view,  proceeds  to  observe  that,  before  the  cjues- 
tion  can  be  answered,  a  reply  must  be  given  to  the  following  question — 
**  Was  the  first  animal  which  any  one  could  properly  call  a  *  Bird,'  as  dis- 
tinguished from  a  *  Reptile,'  possessed  of  a  keeled  sternum  or  not  ?  Now 
Birds  would  seem  to  have  been  differentiated  from  Reptiles  while  the 
latter  had  biconcave  vertebrae,  and  teeth  whose  mode  of  attachment  to 
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the  jaw  was  still  variable.  There  is  no  reason  to  think  that  at  that  period 
any  Reptile  (with  the  exception  of  Pterodactyles,  which,  as  has  already 
been  said,  are  certainly  not  in  the  line  of  Birds'  ancestors)  had  a  keeled 
sternum.  Hence  it  seems  almost  impossible  that  the  first  Bird  should 
have  had  one  ;  that  is  to  say,  it  must  have  been  practically  of  the  Ratite 
type.  Professor  Marsh  has  shown  that  there  is  good  reason  for  believing 
that  the  power  of  flight  was  gradually  acquired  by  Birds,  and  with  that 
power  would  be  associated  the  development  of  a  keel  to  the  sternum,  on 
which  the  volant  faculty  so  much  depends.  .  .  .  Thus  the  Carinate  type 
would,  from  all  we  can  see  at  present,  appear  to  have  been  evolved  firom 
the  Ratite.''  After  observing  that  embryological  and  distributional  facts 
afford  support  to  this  view,  Professor  Newton  continues  as  follows: 
"No  doubt  the  difficulty  presented  by  the  biconcave  vertebrae  of  the  ear- 
liest known  representative  of  the  Cannate  type  is  a  considerable  obstacle 
to  the  view  just  taken.  But  Professor  Marsh  has  shown  that  in  the  third 
cervical  vertebra  of  Ichthyomts  *  we  catch  nature  in  the  act  as  it  were* 
of  modifying  one  form  of  vertebra  into  another,  for  this  single  vertebra 
in  Ichthyornis\s  in  vertical  section  *  moderately  convex,  while  transversely 
it  is  strongly  concave,  thus  presenting  a  near  approach  to  the  saddle-like 
articulation ; '  and  he  proceeds  to  point  out  that  this  specialised  feature 
occurs  at  the  first  bend  of  the  neck,  and,  greatly  facilitating  motion  in  a 
vertical  plane,  is  '  mainly  due  originally  to  its  predominance.'  The  form 
of  the  vertebrae  would  accordingly  seem  to  be  as  much  correlated  with 
the  mobility  of  the  neck  as  is  the  form  of  the  stemxun  with  the  faculty  of 
flight.  If,  therefore,  the  development  of  the  saddle  shape  be  an  indica- 
tion of  development,  as  well  may  be  the  outgrowth  of  a  keel."  In  conclu- 
sion, the  Professor  observes  that  the  question  must  be  regarded  as  still 
unsettled,  although  his  own  opinion  is  strongly  in  favour  of  the  Ratite 
being  the  earlier  type. 

On  the  other  hand,  Dr  Gadow,  in  a  communication  of  later  date,  con- 
cludes that  the  Ratitae  were  most  probably  descendants  of  Birds  which 
formerly  possessed  the  power  of  flight ;  this  view  being  said  to  be  sup- 
ported by  the  structure  of  the  wings,  and  the  nature  of  the  feathers  of  the 
young. 

In  the  following  chapter  a  brief  summary  is  given  of  the  chief 
divisions  of  Birds,  with  mention  of  those  families  known  to  be  re- 
presented in  a  fossil  state.  It  would,  however,  exceed  the  limits  of 
this  work  to  give  even  the  leading  osteological  characters  of  such 
families,  since,  owing  to  the  great  general  similarity  in  the  structure 
of  all  Carinate  Birds,  such  characters  could  only  be  indicated  by  the 
introduction  of  a  great  mass  of  detail. 

It  should  also  be  observed  that  the  majority  of  writers  rank  the 
three  primary  divisions  of  Birds  as  subclasses,  and  the  secondary 
divisions  as  orders,  with  the  proviso  that  such  orders  are  of  very 
different  value  from  those  of  Reptiles.  With  the  object  of  avoiding 
this  inequality  the  view  of  Professor  Huxley,  who  has  termed  the 
primary  divisions  orders  and  the  secondary  ones  suborders,  has  been 
followed  in  this  work. 
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CHAPTER    LVII. 

CLASS  AVES. 

Orders  Saurura,  RAXiXiE,  and  CARiNAXit. 

Order  I.  Saurur^e. — ^This  extinct  order  is  represented  only  by 
Archaopteryx^  and  may  be  characterised  by  the  metacarpals  being 
sqxuate,  and  by  the  tail  being  longer  than  the  body,  and  not 
tenninating  in  a  pygostyle. 

Family  ARCHiEOPTERYGiDiE. — ArchaopteryXy  including  birds  of 
about  the  size  of  the  common  Rook,  is  found  in  the  lithographic 
limestones  of  Solenhofen,  near  Pappenheim,  in  Bavaria,  which  are 
the  representatives  of  the  lower  part  of  the  English  Kimeridge  Clay. 
This  genus  was  first  made  known  by  the  impression  of  a  single  feather, 
to  which  the  late  Professor  H.  von  Meyer  gave  the -name  A,  litho- 
graphiccL,  Subsequently  the  greater  part  of  a  skeleton,  with  im- 
pressions of  the  feathers  of  the  wings  and  tail  (fig.  mo),  was 
obtained,  which  Sir  R.  Owen  named  A.  macrura ;  while  recently 
a  second  skeleton  has  been  found  which  some  writers  regard  as 
indicating  a  distinct  species  from  the  first  Of  these  two  skeletons 
the  former  is  preserved  in  the  British  and  the  latter  in  the  Berlin 
Museum.  Ptofessor  Carl  Vogt,  who  first  described  the  Berlin 
specimen,  regarded  Ardueopteryx  as  a  Reptile ;  but  there  can  be 
no  hesitation  in  classing  it  among  the  Birds.  The  jaws  were  fur- 
nished with  teeth ;  the  vertebrae  were  biconcave ;  and  there  was  a 
well-ossified  sternum,  of  considerable  breadth,  and  probably  pro- 
vided with  a  carina.  In  the  manus  the  three  metacarpals  remained 
distinct ;  and  there  were  also  three  separate  digits,  each  of  which 
was  terminated  by  a  claw.  In  the  pelvis  the  three  component 
elements  exhibit  the  Reptilian  character  of  remaining  distinct 
throughout  life ;  and  it  is  thought  probable  that  the  ischia  united 
in  a  ventral  symphysis.  The  distal  portion  of  the  fibula  is  placed 
in  front  of  the  tibia;  and  the  metatarsals  were  either  separate  or 
but  very  imperfectly  united  together.     The  tail,  again  (fig.  mo), 
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differs  from  that  of  all  other  known  Birds  in  that  it  consists  of  a 
series  of  long  vertebrae,  gradually  tapering  to  the  extremity,  and 
each  of  which  carries  a  pair  of  feathers.  From  the  absence  of 
impressions  of  feathers  in  the  region  of  the  body,  it  has  been 
thought  that  only  the  wings  and  tail  had  these  appendages;  but 
it  is  far  more  probable  that  the  feathers  had  fallen  from  the  body 
as  it  lay  on  the  old  sea-shore,  while  those  of  the  wings  and  tail  still 


Fig.  mo. — Part  of  the  skeleton,  with  impressions  of  the  feathers  of  the  wines  and  tail,  of 
Archaopttryx  macrura  :  from  the  lithographic  limestone  of  Bavaria.     Kedoccd. 

adhered  to  their  attachments.  In  the  figure  of  the  British  Museum 
specimen  of  A,  macrura  (fig.  mo)  the  head  is  not  shown;  but  it 
exists  in  an  imperfect  state  of  preservation  in  the  slab.  Till  we 
know  more  of  the  other  Birds  of  the  Jurassic,  the  true  relationship 
of  Archaopteryx  to  existing  forms  cannot  be  determined. 

Order  II.  RATiXiC — The  Ratitae,  or  Struthious  Birds,  differ 
from  the  preceding  order  by  the  anchylosis  of  the  metacarpals 
(when  present)  and  the  short  tail,  which  may  terminate  in  a 
pygostyle.  They  are  further  characterised  by  the  sternum  (figs. 
1105,  nil)  being  devoid  of  a  keel;  by  the  long  axes  of  tihe 
adjacent  portions  of  the  scapula  and  coracoid  being  approximately 
in  the  same  line  (fig.  iiii),  or  at  least  forming  an  exceedingly 
obtuse  angle  at  their  junction ;  by  the  wings  being  useless  for 
flight;  and  by  the  peculiar  characters  of  the  pelvis  (figs.  1107, 
1 112),  which  have  been  already  mentioned.     There  are,  moreover, 
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important  osteological  characters  connected  with  the  palatal  aspect 
of  the  skull  which  cannot  be  noticed  here ;  and  some  other  features 
have  been  mentioned  in  the  preceding  chapter.  The  massive  bones 
are  frequently  filled  with  marrow.  In  all  forms  the  fibula  remains 
quite  distinct  from  the  tibia ;  and  the  distal  end  of  the  latter  fre- 


Flg.  Ills. — Left  half  of  the  pectoral  girdle  and  sternum  of  Hes^eromis  rej^is;  froni  the 
Cretaceous  of  North  America.  Reduceo.  t.  Scapula ;  h.  Humerus ;  c,  Coracoid ;  /,  Clavicle ; 
«/,  Sicmum.    (After  Marsh.) 

quently  has  no  bridge  over  the  extensor  tendons.  In  all  existing 
forms  the  plumage  presents  the  remarkable  peculiarity  that  the 
barbs  of  the  feathers,  instead  of  being  connected  with  one  another 
by  hooked  barbules,  as  is  usually  the  case,  are  remote  and  dis- 
connected from  one  another,  presenting  some  resemblance  to 
hairs. 

This  order  embraces  the  largest  known  members  of  the  whole 


Fig.  izia.— Left  half  of  the  pelvis  of  HesJ^eromis  regalis;  from  the  Cretaceous  of  North 
America.     Reduced.    Letters  as  in  fig.  2x07.    (After  Marsh.) 

class ;  and  from  the  scattered  distribution  of  both  its  existing  and 
fossil  representatives  is  evidently  an  extremely  ancient  type.  Its 
relations  to  the  Carinatae  have  been  already  alluded  to  in  the  pre- 
ceding chapter.  The  order  may  be  divided  into  two  series,  accord- 
ing to  the  presence  or  absence  of  teeth. 

VOL.  n.  Y 


Digitized  by  LjOOQ  IC 


1224  CLASS  AVES. 

Toothed  Series. — In  this  extinct  series  teeth  are  present  in 
the  jaws. 

Suborder  i.  Odontolcle. — The  type  and  only  known  repre- 
sentative of  this  suborder  is  Hesperornis^  of  the  Cretaceous  of  North 
America.  In  this  remarkable  Bird  (fig.  1113)  the  jaws  (fig.  1117) 
were  provided  with  a  series  of  sharp-pointed  teeth,  sunk  in  a  deep 
continuous  groove ;  but  the  anterior  portion  of  the  upper  jaw  was 


Fig.  II 13. — Skeleton  of  Hesperomis  regalis;  from  the  Cretaceous  of  North  America. 
About  one-tenth  natural  size.    (After  Marsh.) 

edentulous,  and  probably  sheathed  in  a  horny  covering  like  that  of 
existing  Birds.  Various  parts  of  the  skeleton  are  represented  in 
figs,  mi,  1 1 12,  and  11 17. 

In  its  whole  skeletal  organisation  Hesperomis  conforms  strictly  to  the 
existing  Ratite  type  ;  but  there  were  four  digits  in  the  pes  (all  of  which 
were  directed  forwards),  and  Professor  Marsh  believes  that  it  was  of 
aquatic  habits,  and  compares  it  to  a  swimming  Ostrich.  According  to 
the  description  of  the  same  authority,  the  tail  consists  of  about  twcl^'c 
vertebrae,  of  which  the  last  three  or  four  are  amalgamated  to  form  a  flat 
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terminal  mass,  there  being  at  the  same  time  clear  indications  that  the 
tail  was  capable  of  an  up  and  down  movement  in  a  vertical  plane,  thus 
probably  fitting  it  to  serve  as  a  swimming-paddle  or  rudder.  The  ver- 
tebrae of  the  cervical  and  dorsal  regions  are  of  the  ordinary  ornithic  type. 
The  legs  were  powerfully  constructed,  and  the  feet  were  adapted  to  assist 
the  bii3  in  rapid  motion  through  the  water.  The  known  remains  of  the 
typical  Hesperomis  regcUis  (fig.  1113)  prove  it  to  have  been  of  larger 
dimensions  than  any  of  the  aquatic  members  of  the  class  with  which 
we  are  acc^uainted  at  the  present  day.  It  appears  to  have  stood  between 
five  and  six  feet  high,  and  its  inability  to  ny  is  fully  compensated  for 
by  the  numerous  adaptations  of  its  structure  to  a  watery  life.  Its  teeth 
prove  it  to  have  been  carnivorous  in  its  habits,  and  it  probably  lived 
upon  fishes.  A  second  species  of  this  genus  occurs  in  the  same  deposits, 
and  is  known  as  Hesperomis  crassipes ;  but  it  was  originally  regarded  as 
belonging  to  a  distinct  genus,  and  named  Lestornis, 

Toothless  Series. — This  series,  which  includes  the  whole  of  the 
remaining  forms,  is  characterised  by  the  absence  of  teeth. 

Suborder  2.  iiEpvoRNiXHES. — This  suborder  is  represented  by  a 
single  family,  the  jEpyomithida^  of  the  Pleistocene  of  Madagascar. 
The  one  known  genus,  jEpyomiSy  is  characterised  by  the  shortness 
of  the  beak ;  the  small  wings ;  the  absence  of  a  tibial  bridge  over 
the  extensor  tendons;  and  the  presence  of  a  hallux  in  the  pes. 
The  typical  jE,  maximus  appears  to  have  attained  dimensions 
rivalling  those  of  the  largest  species  of  Dinomis  (to  be  shortly 
mentioned);  and  eggs  have  been  found  in  association  with  the 
bones  measuring  fourteen  inches  in  diameter,  and  computed  to  be 
equal  in  capacity  to  three  eggs  of  the  Ostrich.  At  least  two 
smaller  species  of  the  same  genus  occur  in  the  Madagascar 
Pleistocene. 

Suborder  3.  Apteryges. — ^The  members  of  the  second  suborder 
of  this  series  are  confined  to  New  Zealand,  and  may  all  be  included 
in  the  family  Apterygida^  which  is  now  represented  by  the  Kiwis 
or  Apteryx  (fig.  11 14).  They  are  distinguished  from  all  other  ex- 
isting members  of  the  order  by  their  extremely  long  and  slender 
beak,  which  is  adapted  for  probing  the  soft  marshy  ground  which 
they  frequent  in  search  of  worms  and  other  food.  Omitting  mention 
of  the  peculiar  cranial  and  sacral  characters,  it  may  be  observed  that 
the  wing  has  a  comparatively  short  humerus,  and  not  more  than 
one  ungual  phalangeal.  The  tibia  is  furnished  with  a  bony  bridge 
over  the  extensor  tendons ;  and  there  is  a  hallux  to  the  pes.  The 
feathers  have  no  aftershafts.  The  Kiwis  are  essentially  nocturnal 
in  their  habits.  Remains  of  the  existing  species  of  Apteryx  are 
found  fossil  in  the  Recent  and  Pleistocene  deposits  of  New  Zealand  ; 
while  some  much  larger  bones  from  the  same  deposits  have  been 
described  by  the  late  Sir  Julius  von  Haast  under  the  name  of 
Mega/apteryXy  which  appears  to  have  been  a  giant  form  closely 
allied  to  the  existing  genus. 
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Suborder  4.  Immanes. — This  recently  extinct  group,  like  the 
last,  is  almost  peculiar  to  New  Zealand,  and  comprises  some  of  the 
largest  known  Birds.  The  beak  (fig.  1 1 15)  is  short ;  the  wings  are 
either  very  small  or  totally  wanting ;  the  tibia  has  a  distal  bridge 
over  the  extensor  tendons ;  and  in  some  instances  there  was  a 
hallux  in  the  pes.  The  characters  of  the  skull  and  pelvis  come 
nearest  to  those  of  the  next  suborder,  and  the  feathers  have  after- 
shafts.  This  group  has  been  divided  into  the  Dinornithida  and 
Palapterygida^  on  account  of  the  absence  of  the  hallux  in  the 
former.  Although  this  distinction  has  been  doubted  by  some 
writers,  who  consider  that  Dinornis  had  a  hallux,  it  appears  to  be 


Fig.  1 1 14. — Apteryx  australis^  New  Zealand. 

a  valid  one.  Apart,  however,  from  this  point,  according  to  the  late 
Sir  J.  von  Haast,  the  Palapterygida  were  provided  with  rudi- 
mentary wings,  while  in  the  Dinomithida  those  appendages  were 
totally  absent.  Mr  De  Vis  has  described  some  bird-bones  from 
the  Pleistocene  of  Queensland  under  the  name  of  Dinornis  queens- 
landia  ;  this  being  the  only  instance  in  which  remains  of  this  group 
have  been  recorded  elsewhere  than  in  New  Zealand.  Sir  J.  von 
Haast  proposes  to  divide  the  Palapterygida  into  PalapUryx  and 
Eutyapteryxy  and  the  Dinomithida  into  Dinornis  and  Mionomis, 

The  first  evidence  of  the  existence  of  this  marvellous  group  was  afforded 
by  a  fragment  of  the  shaft  of  one  of  the  bones  of  the  leg  brought  to  Sir 
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Richard  Owen  at  a  time  when  the  existence  of  such  huge  Birds  was 
totally  unsuspected,  and  upon  which  evidence  he  founded  the  type 
genus.  That  the  Moas,  as  these  Birds  are  termed  by  the  Maories  of 
New  Zealand,  have  only  been  exterminated  at  a  comparatively  recent 
date  is  proved  by  the  occurrence  of  nearly  entire  skeletons  with  the  skin 
and  feathers  still  adhering  to  them,  as  well  as  by  fragments  of  the  eggs 
retaining  their  original  pale-green  colour.  The  largest  species  is  D, 
waximusy  of  which  the  total  height  was  about  ten  feet,  the  tibia 
measuring  a  yard  in  length.     Another  species,  A  elephantopus  (fig. 


F^  iii5.~Skeletoo  <3K Dinomis  elephantopus:  from  the  Pleistocene  of  New  Zealand. 
Greatly  reduced.    (After  Owen.) 

II 15),  although  not  standing  more  than  about  six  feet  in  height,  was  of 
even  more  massive  construction,  the  toe-bones  almost  rivalling  those  of 
the  elephant  in  size.    The  number  of  species  described  is  very  large. 

Suborder  5.  Megistanes. — The  Emeus  and  Cassowaries  are 
characterised  by  certain  structural  peculiarities  in  the  base  of  the 
short  cranium ;  by  the  moderately  long  humerus ;  the  presence  of 
only  one  complete  digit  in  the  manus,  which  is  furnished  with  a 
claw ;  the  absence  of  a  ventral  symphysis  in  the  pubes  or  ischia ; 
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the  want  of  a  bridge  over  the  extensor  tendons  in  the  tibia ;  and 
the  suppression  of  the  hallux.  The  family  DronuBidtB  is  repre- 
sented by  the  existing  Emeu  {DromcBus)  of  Australia,  and  also  by 
fossil  species  in  the  Pleistocene  of  the  same  country.  Dromorm^ 
from  the  latter  deposits,  is  an  extinct  genus  referable  to  this  family. 
The  characters  of  the  pelvis  of  the  existing  genus  are  shown  in  fig. 
1 107.  The  Casuariida^  now  characteristic  of  the  Australasian 
region,  have  not  hitherto  been  definitely  recorded  in  a  fossil  state  \ 
although  it  is  possible  that  a  phalangeal  from  the  Indian  Siwaliks 
may  be  referable  to  this  family. 

Suborder  6.  Rhe^e. — ^The  Rheida^  which  alone  constitute  this 
group,  and  are  confined  to  South  America,  differ  from  the  Megi- 
stanes  by  the  structure  of  the  palate,  as  well  as  by  the  longer  hu- 
merus, the  presence  of  three  digits  (of  which  two  are  clawed)  in  the 
manus,  by  the  ventral  union  of  the  ischia,  and  the  absence  of  an 
aftershaft  to  the  feathers.  Remains  of  Rhea^  which  are  referred  to 
the  existing  species,  occur  in  the  Pleistocene  cave-deposits  of  Brazil 

Suborder  7.  Struthiones. — The  family  Struthionida  is  the 
sole  representative  of  this  suborder ;  the  only  existing  species  being 
the  Ostrich  {Struthio  camelus\  which  is  now  confined  to  Africa  and 
Arabia,  although  it  formerly  ranged  into  Persia,  and  probably  also 
to  Baluchistan  and  the  north-west  frontier  of  India.  In  addition 
to  the  characters  of  the  palate,  Struthio  differs  from  Rh^a  by  the 
union  of  the  pubes  in  a  ventral  symphysis,  and  also  by  the  suppres- 
sion of  the  second  digit  of  the  pes,  in  consequence  of  which  the 
distal  end  of  the  tarso-metatarsus  has  but  two  trochleas.  This  genus 
is  represented  in  the  Pliocene  Siwaliks  of  India,  and  also  in  the 
Lower  Pliocene  of  the  Isle  of  Samos,  in  the  Turkish  archipelago, 
by  remains  referred  to  two  species.  These  forms,  which  may  be 
specifically  the  same,  appear  closely  allied  to  the  existing  Ostrich, 
An  egg^  from  Tertiary  beds  near  Gallipoli — the  ancient  Chersonese 
— described  under  the  name  of  Struthiolitkus^  probably  belongs  to 
the  existing  genus,  and  very  likely  to  the  species  occurring  at  Samos. 
These  fossil  forms  point  to  the  conclusion  that  the  original  home  of 
the  genus  was  probably  in  Asia. 

Suborder  8.  Gastornithes. — The  Gastornithida^  whose  re- 
mains occur  in  the  Lower  Eocene  of  Europe,  were  large  Birds 
which  may  probably  be  classed  with  the  Ratitae,  and  are  apparently 
entitled  to  distinct  subordinal  rank.  Their  tibia  agrees  with  that  of 
the  Apteryges  and  Immanes  in  having  a  bony  bridge  over  the  ex- 
tensor tendons,  but  makes  a  curious  approximation  in  shape  to  that 
of  certain  members  of  the  Carinate  suborder  Anseres.  The  wings 
were  somewhat  larger  than  in  the  Ostrich ;  and  the  cranium,  which 
is  estimated  to  have  been  fifteen  inches  in  length,  had  the  alveolar 
margins  of  the  jaws  serrated,  as  in  the  genus  Odontopteryx  (fig. 
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ii2i).  Remains  of  Gastarnis  have  been  recorded  from  Meudon, 
near  Paris,  from  Rheims,  and  from  Croydon,  and  have  been  referred 
to  four  species.  The  huge  Diatryma^  from  the  Lower  Eocene  of 
North  America,  appears  to  be  closely  allied  to,  if  not  identical  with, 
Gasiomis,  Bird-bones  from  the  Tertiary  of  South  America,  de- 
scribed by  Dr  Moreno  under  the  name  of  Mesembriomis^  and  com- 
pared to  the  Anseres,  probably  indicate  a  member  of  this  group, 
since  they  are  fully  as  large  as  the  corresponding  bones  of  the 
Ostrich. 

Here  also  may  be  noticed  an  imperfect  cranium  from  the  London 
Clay,  described  by  Sir  R.  Owen  as  Dasomis^  and  regarded  by  him 
as  pertaining  to  a  Ratite  Bird.  And  it  may  be  also  mentioned  that 
an  imperfect  limb-bone  from  these  deposits,  which  has  been  named 
MtgalamiSy  may  perhaps  belong  to  the  same  genus. 

Order  III.  CARiNAXiE. — The  third  order,  which  is  now  by  far 
the  most  numerously  represented,  is  generally  characterised  by  the 
presence  of  a  median  keel  to  the  sternum,  and  by  the  long  axes  of 
the  adjacent  portions  of  the  scapula  and  coracoid  forming  at  their 
junction  an  acute  or  slightly  obtuse  angle,  as  well  as  by  the  upward 
extension  of  the  ischium  towards  the  ilium  (fig.  1102).  In  most 
cases  the  wings  are  adapted  for  flight,  but  in  some  instances  they 
have  become  atrophied,  while  in  others  they  are  modified  into 
swimming  organs. 

There  is  still  considerable  diversity  of  views  obtaining  among 
Ornithologists  as  to  the  classification  of  this  order,  and  all  such 
schemes  must  consequently  be  regarded  as  more  or  less  provisional. 
In  the  present  work  the  classification  adopted  by  Mr  P.  L.  Sclater 
is  followed  in  the  main,  although  certain  modifications  suggested  by 
Professor  Newton  have  been  incorporated. 

Before  noticing  those  fossil  forms  which  are  susceptible  of  being 
placed  in  definite  groups  it  will  be  advisable  to  mention  briefly 
certain  remains  of  which  the  affinity  has  not  yet  been  determined, 
although  it  is  probable  that  at  least  the  majority  should  And  a  place 
in  the  present  order.  As  to  Laopteryx^  of  the  Upper  Jurassic  of 
North  America,  there  appears,  as  ab-eady  mentioned,  to  be  consider- 
able doubt  whether  it  is  really  Avian  at  all.  In  the  Cretaceous  of 
the  same  country  we  have  Apatornis^  Graculavus^  Laornis^  Palao- 
fringOj  and  Telmatarnis  ;  many  or  all  of  which  probably  belong  to 
the  first  suborder.  In  England  the  oldest  known  bird-remains 
occor  in  the  Cambridge  Greensand,  and  have  been  named  Ena- 
Uornis,  although  it  is  quite  probable  that  they  may  indicate  more 
than  one  genus.  Some  of  these  vertebrae  have  more  or  less  flat- 
tened centra ;  while  the  tarso-metatarsus,  in  which  the  fusion  of  the 
component  elements  is  incomplete,  is  compared  to  that  of  the  exist- 
ing Coiymbus  and  also  to  that  of  Ichthyornis^  and  it  is  highly  prob- 
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able  that  these  Birds  were  allied  to  the  latter  genus.  The  bones 
from  the  Cretaceous  of  Europe  described  as  Palaomis,  Cimoliomis^ 
and  CretorniSy  belong  to  Omithosauria. 

In  the  Tertiary  we  have  Eupteromis  and  Remiomis  from  the 
Lower  Eocene  of  Rheims ;  while  the  Upper  Eocene  (Lower  Oligo- 


Fig.  iiz6. — Restoration  of  the  skeleton  oi  Ichtkyomis  dit^ar;  from  the  Cretaceoosof 
North  America.     Reduced    (After  Marsh.) 

cene)  of  Hampshire  has  yielded  Macromis^  and  the  Lower  Miocene 
(Upper  Oligocene)  of  the  same  county  Ptenornis. 

Toothed  Series. — This  extinct  series  is  characterised  by  the 
presence  of  teeth,  and  typically  of  amphicoelous  vertebrae. 


Digitized  by  LjOOQ  IC 


ORDER  CARINATiE. 


I23I 


Suborder  i.  ODONTORMiE. — The  one  suborder  which  is  the 
only  known  representative  of  this  series  contains  the  family  Ichthy- 
omithiday  from  the  North  American  Cretaceous,  of  which  Ichthy- 
amis  is  the  only  definitely  known  genus,  although  it  is  highly  prob- 
able that  ApatomiSy  and  some  of  the  other  Cretaceous  forms  already 
mentioned,  may  also  belong  to  this  or  an  allied  family.  The  teeth 
of  Ichthyomis  (fig.  11 17,  a)  are  comparatively  large,  and  are  set  in 
distinct  sockets ;  while  the  centra  of  the  vertebrae  are  amphicoelous. 
There  were  about  twenty  teeth  in  each  jaw,  which  are  directed  ob- 
liquely backwards.  The  rami  of  the  mandible  were  but  loosely 
united ;  and  it  is  probable  that  the  jaws  were  not  sheathed  in  horn. 
The  adult  of  the  typical  /.  dispar  (fig.  1 1 1 6)  was  about  equal  in 
size  to  a  Rock-pigeon ;  and  in  all  essential  features  of  its  organisa- 


Fif.  tit7.— «,  Left  nunos  of  the  mandible  of  Ichthyomu^  slightly  enlaracd  ;  ^,  Do.  of  Het- 
ptromi*^  about  one-fourth  natural  sixe  ;  c,  c',  Anterior  and  lateral  aspects  of  cervical  vertebra  of 
IcktJ^t»rmSf  twice  natural  sixe ;  d.  Tooth  of  Hesptromis^  twice  natural  sixe.    (After  Marsh.) 

tion  this  genus  conforms  so  exactly  with  the  existing  Carinate  type, 
that  there  appears  every  reason  for  including  it  in  the  same  order, 
rather  than  following  Professor  Marsh's  view  of  placing  it,  together 
with  HesperamiSy  in  a  separate  order  under  the  name  of  Odontor- 
nithes. 

Toothless  Series. — In  this  series,  which  comprises  all  existing 
Carinates,  no  teeth  are  ever  functionally  developed,  although  germs 
occur  in  the  young  of  one  group. 

Suborder  2.  Crvpturl — The  Tinamous  {Tinamus,  &c.)  which 
constitute  this  suborder,  show  more  signs  of  affinity  in  the  structure 
of  their  pelvis  and  skull  to  the  Ratitae,  than  is  exhibited  by  any 
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Other  group  of  this  order.  They  are  confined  to  the  New  World, 
and  are  represented  in  a  fossil  state  by  remains  of  existing  species 
of  CrypturuSy  Nothura^  Tinamus^  and  RhynchoiuSy  in  the  Pleistocene 
cave-deposits  of  Brazil. 

Suborder  3.  Impennes. — ^The  Penguins  {AptenadyteSy  &c.)  of 
the  Antarctic  regions  form  a  peculiarly  interesting  and  well-defined 
group  of  Birds,  in  which  the  wings  are  modified  for  swimming,  and 
the  component  bones  of  the  tarso-metatarsus  are  separated  by  vacui- 
ties. It  has  recently  been  proposed  that  the  Impennes  should  form 
a  primary  group  of  equivalent  rank  with  the  Carinatae,  under  the 
name  of  Eupodomithes.  Unfortunately  scarcely  anything  is  known 
of  their  palseontologicai  history,  the  only  fossil  type  being  Faln- 
eudyptes  from  the  Tertiary  of  New  Zealand. 

Suborder  4..  Tubinares. — The  Petrels,  or  ProcellariidtB,  are 
the  only  family  of  this  group.  The  only  known  fossil  representa- 
tives are  members  of  the  existing  genus  Puffinus  (Shearwater),  which 
have  been  recorded  from  the  Lower  Miocene  of  Allier,  in  France, 
and  also  from  the  Miocene  of  the  United  States. 

Suborder  5.  Pygopodes. — According  to  the  opinion  of  Pro- 
fessor Newton  this  and  the  two  following  groups  should  be  regarded 
merely  as  sections  of  a  single  suborder,  but  since  no  name  has  be^ 
proposed  for  this  larger  group  the  three  divisions  are  retained.  Of 
the  Pygopodes,  the  AlcidcR^  or  Auks,  include  the  Great  Auk  {Aka 
imptnnis)  of  the  Arctic  regions,  which  now  appears  to  be  totally  ex- 
tinct, but  of  which  the  remains  are  found  abundantly  in  the  peat 
and  other  superficial  deposits  of  northern  Europe.  Remains  re- 
ferred to  the  genus  Uria  (Guillemots)  are  found  in  the  Upper  Plio- 
cene of  Italy ;  and  Guillemots  also  occur  in  the  Tertiary  of  the 
United  States,  where  they  have  been  described  under  the  name  of 
Catarractes,  In  the  Colymbiday  which  includes  the  Grebes  and 
Divers,  remains  of  the  Red-throated  Diver  {Colymbus  giadalis)  zi^ 
found  in  the  Pleistocene  deposits  of  Mundesley,  in  Norfolk ;  while 
the  extinct  Colymboides  of  the  Lower  Miocene  of  Allier  appears  to 
be  an  allied  form. 

Suborder  6.  Gavle. — Of  the  Larida  (Gulls  and  Terns)  a  species 
of  Larus  occurs  in  the  Allier  Miocene ;  while  Hydrornis  of  the  lat- 
ter deposits  may  probably  be  referred  to  the  same  family.  An 
undetermined  genus  from  the  London  Clay  may  perhaps  be  also 
referable  to  the  present  group. 

Suborder  7.  Limicola. — ^The  Limicolae  are  somewhat  abun- 
dantly represented  in  Tertiary  deposits;  the  subaquatic  habits  of 
many  of  its  members  being  probably  conducive  to  the  preservation 
of  their  remains.  In  the  family  Scolopadda  the  genus  Numenius 
(Curlew)  is  recorded  from  the  Middle  Miocene  of  Gers,  in  France, 
and  the  Pliocene  of  Italy ;  Limosa  (Godwit)  occurs  in  the  Upper 


Digitized  by  LjOOQ  IC 


ORDER  CARINATiE,  1 233 

Eocene  (Lower  Oligocene)  of  Montmartre;  Totanus  (Redshank)  in  the 
Allier  Miocene  and  the  Pliocene  of  the  Val  d*Arno,  in  Tuscany ;  and 
Tringa  (Knot  and  Dunlin)  probably  in  the  Montmartre,  and  cer- 
tainly in  the  Allier  beds,  and  the  equivalent  deposits  of  the  Mayence 
basin.  Ehrius  is  an  extinct  genus  from  Allier,  probably  allied  to 
Umosa.  The  Woodcock  (Scolopax  rusticold)  has  left  its  remains  in 
the  Pleistocene  of  Westphalia  \  and  a  species  of  Himantopus  (Stilt) 
is  found  in  the  Allier  Miocene.  In  the  family  Charadriida  (Plovers) 
a  species  of  the  type  genus  Charadrius  occurs  in  the  Upper  Eocene 
of  Colorado;  while  the  genus  Catnasahis  (with. which  Dolichopterus 
is  not  improbably  identical)  is  known  from  the  Lower  Miocene  beds 
of  Ronzon,  in  France. 

Suborder  8.  Alectorides. — The  Alectorides  form  a  somewhat 
ill-defined  group,  which  is  taken  by  Mr  Sclater  to  include  the 
Otidida^  although  Professor  Newton  regards  the  latter  as  more 
nearly  allied  to  the  Gaviae  and  Limicolae.  The  family  Gruida^  or 
Cranes,  is  represented  by  the  type  genus  Grus  in  the  Pleistocene  of 
Europe,  India,  and  the  United  States,  and  also  in  the  Lower  Pliocene 
Pikermi  beds  of  Greece,  and  the  Miocene  of  Allier.  Allied  extinct 
genera  are  Palaogrus  of  the  Eocene  of  Italy,  and  AUtornis  of  that  of 
Wyoming.  The  OHdida  are  represented  by  a  species  of  Bustard 
(Otis)  in  the  Allier  Miocene. 

Suborder  9.  FuLicARiiE. — This  suborder  comprises  the  Rails, 
Coots,  Water-hens,  etc.;  all  of  which  are  included  in  the  single 
family  RaUida^  and  are  of  more  or  less  aquatic  habits.  Birds  re- 
ferred to  the  type  genus  Rallus  (Rail)  occur  in  the  Montmartre 
Eocene,  the  Miocene  of  Allier  and  Gers,  and  the  Italian  Pliocene. 
Remains  of  Gallinula  (Water-hen)  are  recorded  from  the  Pleisto- 
cene beds  of  Brazil  and  Queensland;  in  both  of  which  deposits 
we  meet  with  others  referred  to  Porphyrio  (Purple  Water-hen) — a 
genus  now  widely  distributed  over  the  warmer  regions  of  the  globe. 
An  extinct  species  of  Coot  {Fulica)  has  also  been  described  from 
the  Queensland  Pleistocene.  Notomis^  which  occurs  in  the  Pleisto* 
cene  of  New  Zealand  and  was  also  found  living  some  years  ago, 
is  a  large  Rail  allied  to  the  Australian  Tribonyx ;  while  AptomiSy 
which  is  a  very  large  form  from  the  same  deposits  totally  incapable 
of  flight,  is  more  nearly  related  to  the  existing  Ocydromus  of  New 
Zealand.  Aphanapteryx  (Eryihromachus)  from  the  Pleistocene  of 
Mauritius  and  Rodriguez  is  another  large  Rail  allied  to  Ocydromus. 
Lastly,  GypsomiSj  of  the  Montmartre  Eocene,  is  considered  to  be 
the  earliest  representative  of  this  family. 

Suborder  10.  GALLiNiE. — The  Gallinae  form  a  large  group  of 
Birds  mostly  living  to  a  considerable  extent  on  the  ground,  and  of 
comparatively  stout  build.  They  comprise  the  families  Megapod- 
iddz  (Megapodes),    Cradda  (Curassows   and  Guans),  Fhtuianidm 
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(Pheasants,  Turkeys,  etc.),  and  Tetraanida  (Grouse).  The  Gallina 
together  with  the  following  group  of  Columbae  were  formerly 
bracketed  together  under  the  name  of  Rasores,  and  it  is  by  no 
means  certain  that  the  departure  from  this  arrangement  is  an  advis- 
able one.  The  skull  (fig.  1 1 03,  p.  1 2 1  o)  has  peculiar  palatal  features, 
a  sharp  curved  beak,  and  a  recurved  process  to  the  angle  of  the 
mandible.  Many  of  the  genera  of  Gallinae  (especially  the  males) 
are  characterised  hv  the  presence  of  one  or  more  strong  bony  spurs 
on  the  inner  side  of  the  tarso-metatarsus 
(fig.  1 1 1 8).  The  first  two  families  are  at 
present  unknown  in  a  fossil  condition.  In 
the  Fhasianida,  however,  the  typical  genus 
Phasianus  occurs  in  the  Allier  and  Gere 
Miocene  deposits,  and  also  in  the  Lower 
Pliocene  of  Pikermi  \  Francolinus  (Fran- 
colin)  is  represented  by  remains  of  exist- 
ing species  in  the  Pleistocene  of  Southern 
India  (fig.  1 1 18);  Cotumix  (Quail)  in  the 
Montmartre  Eocene  gypsum;  the  extinct 
Palaortyx  in  both  the  latter  deposits  and 
the  Isfere  and  Allier  Miocene  beds,  the 
Fig.  xxiZ.—FraMcoiinus  pondi-  so-callcd  Paloopcrdix  of  the  Mayence 
toS?rfroJ^S»e*PieS^**5f  Mioccne  being  probably  identical;  while 
Madras.  «,  Posterior ;  ^  Anterior  a  specics  of  Gallus,  somcwhat  larger  than 
the  existing  Indian  G,  Sonnerati^  is  found  in 
the  Pikermi  Pliocene.  From  the  Miocene  of  the  United  States  a 
Turkey  (Meleagris  antiqud)  has  been  recorded,  and  is  described  as 
equal  in  size  to  the  living  species  now  characteristic  of  America. 
In  the  Tetraonida  remains  of  the  living  Capercaillie  (Ttirao  uro- 
gallus)  occur  in  the  Norfolk  Forest-bed ;  while  an  extinct  species 
of  the  same  genus  has  been  described  from  the  Upper  Eocene  of 
Languedoc.  Remains  of  the  existing  Willow  Grouse  {Lagopm 
albus)  are  found  in  the  Pleistocene  of  Westphalia. 

Suborder  ii.  CoLUMBiC. — ^This  group  is  taken  to  include  the 
existing  Sand-grouse  {Pteroclid(B\  and  the  Pigeons  {Columbida),  In 
the  first-named  family  a  species  of  the  type  genus  PterocUs  has  been 
described  from  the  Allier  Miocene.  The  Columbida  are  known  by 
a  species  referred  to  Columba  from  the  last-named  deposits,  as  well 
as  by  another  provisionally  referred  to  the  same  genus  from  the 
Pleistocene  of  Rodriguez.  Of  especial  interest  is  a  tarso-metataisus 
from  the  Pleistocene  of  Queensland  described  by  Mr  De  Vis  under 
the  name  of  Progoura^  and  regarded  as  indicating  a  bird  allied  to 
the  Crowned-Pigeons  {Gourd)  of  New  Guinea.  Gimra  shows 
some  signs  of  affinities  to  the  Phasianida^  and  these  resemblances 
are  said  to  be  more  marked  in  Progoura,  which  is  double  the 
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size  of  the  existing  forms.  Here  also  may  be  placed  the  now 
extinct  family  Didida^  represented  by  the  Dodo  (Didus  ineptus)  of 
Mauritius,  and  the  Solitaire  (Pezophaps  solitaria)  of  Rodriguez. 

Of  these  two  singular  birds,  the  Dodo  formerly  inhabited  Mauritius 
in  great  numbers,  but  the  last  record  of  its  occurrence  dates  from  the 
year  1681.  It  was  a  large  and  heavy  bird  (fig.  1 1 19),  bigger  than  a  swan, 
and  entirely  unlike  the  pigeons  in  general  appearance.  The  wings  were 
rudimentary  and  completely  useless  as  organs  of  flight.  The  legs  were 
short  and  stout,  the  feet  had  four  toes  each,  and  the  tail  was  extremely 


Fig.  x>  19.— Skeleton  of  the  Dodo  {Didus  tueptus^  restored.    (After  Owen. 

short,  carrying,  like  the  wings,  a  tuft  of  soft  plumes.  The  beak  (un- 
like that  of  any  of  the  Columbce  except  the  little  Didunculus  strigiros- 
tris)  was  arched  towards  the  end,  and  the  upper  jaw  had  a  strongly- 
hooked  apex,  not  unlike  that  of  a  bird  of  prey.  The  frontal  region  of 
the  skull  was  greatly  elevated  and  tumid,  from  the  excessive  development 
of  cellular  cavities  between  the  two  tables  of  the  skull,  and  the  actual 
brain-case  was  very  small  in  proportion  to  the  size  of  the  cranium.  In 
many  resi)ccts  allied  to  the  Dodo,  and,  like  it,  incapable  of  flight,  was 
the  Solitaire,  of  which  the  last  recorded  appearance  was  in  the  year 
1693.  The  Solitaire  had  longer  legs  and  neck  than  the  Dodo,  the  bill 
was  less  strongly  arched,  its  forehead  flatter,  and  there  was  developed 


Digitized  by  LjOOQ  IC 


1236  CLASS   AVES. 

upon  the  radial  side  of  the  metacarpus  an  extraordinary  spherical  callus- 
like mass  of  bone,  about  as  large  as  a  musket-ball,  and  with  a  roughened 
surface.  This  singular  callosity  is  much  more  developed  in  certain 
individuals — supposed  to  be  males— than  in  others,  which  we  may  pre- 
sume to  be  females  ;  it  was  doubtless  covered  during  life  by  a  horny 
integument,  and  seems  to  have  been  used  as  an  offensive  weapon. 
Both  these  Birds  are  known  to  us  by  nearly  entire  skeletons  obtained 
recently  from  the  islands  which  they  inhabited ;  and  of  the  Dodo  we 
have  also  a  few  remains  belonging  to  entire  specimens  once  preserved  in 
our  museums,  which  were  unfortunately  allowed  to  fall  into  decay,  from 
apparent  ignorance  of  their  priceless  value. 

Remains  of  existing  species  of  several  genera  of  Columbida  are 
found  in  the  Pleistocene  cave-deposits  of  Brazil. 

Suborder  i  2.  Anseres. — The  Anseres,  or  Goose-like  Birds,  form 
a  well-defined  subordinal  group,  characterised  by  peculiar  features, 
in  the  palatal  region  of  the  skull,  and  by  the  perfectly  webbed  feet ; 
the  beak  being  generally  broad  and  spatulate,  and  the  angle  of  the 
mandible  with  a  recurved  process  (fig.  1120).  All  the  existing 
members  of  this  group  are  referred  to  the  family  Anatidct^  which 
is,  however,  split  up  into  several  subfamilies.  A  peculiar  subfamily 
is  represented  by  the  living  Cereopsis,  of  Australia ;  allied  to  which 
is  the  much  larger  extinct  Cnemiomis,  of  the  Pleistocene  of  New 


Fig   zzao.— Skull  of  Spur-winged  Goose  {PlectropUrus  gambensis).    Reduced. 

Zealand,  which  was  quite  incapable  of  flight  In  the  subfamily 
AnserituBy  remains  of  the  Grey-Lag  Goose  (Anser  dnereus)  occur 
in  the  European  Pleistocene.  The  Cygnina^  or  Swans,  are  repre- 
sented by  the  extinct  Cygnus  Falconeri^  from  the  Pleistocene  cave- 
deposits  of  Malta.  In  the  Anatina  (Ducks)  an  extinct  species  of 
Tree-duck  {Dendrocygna)  is  recorded  from  the  Pleistocene  of 
Queensland.  Remains  of  the  Wild-duck  {Anas  boscas)  occur  in 
the  Pleistocene  of  Europe ;  A,  atavce  and  A.  cygniformis  are  found 
in  the  Middle  Miocene  of  Bavaria,  the  latter  species  being  nearly 
as  large  as  a  Swan ;  A,  (tningensis^  from  the  Upper  Miocene  of 
Switzerland ;  A,  lignifila^  from  the  Middle  Miocene  of  Italy ;  and 
A,  Blanchardiy  from  the  Allier  Miocene.    Remains  of  the  Shoveller 
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Duck  {Spatula  dypeatd)  have  been  found  in  the  Norfolk  Forest- 
bed.  In  the  FuliguliruE^  the  type  genus  Fuligula  (Pochard)  is 
recorded  from  the  Upper  Pliocene  of  the  Val  d'Arno,  in  Italy, 
and  Nyroca  (White-eyed  duck),  from  the  Pleistocene  of  Queens- 
land ;  while  in  the  Mergina^  it  is  probable  that  Mergus  (Merganser) 
was  represented  in  the  Pliocene  Siwaliks  of  India.  The  extinct 
Chenomis^  of  the  Italian  Miocene,  also  belongs  to  this  family, 
although  its  precise  position  is  uncertain. 

Suborder  13.  Odontopteryges. — The  Odontopterygida^  repre- 
sented by  Odontopteryx^  of  the  London  Clay,  appear  to  indicate  a 
distinct  subordinal  group,  which  may  be  provisionally  placed  here. 
In  this  singular  bird  the  alveolar  margins  of  both  jaws  are  furnished 
with  tooth-like  serrations  (fig.  1121)  which  differ  firom  true  teeth 
in  being  actually  {)arts  of  the  osseous  substance  of  the  jaw  itself, 
and  thereby  agree  with  those  found  in  the  Chelonian  genera  Har- 
della  and  Batagur,     They  are  of  triangular  or  compressed  conical 


t>,v.''L'WTi-''t-'^^^^-  i~^\ 


Fig.  \\z\,—^vX!l  fA  Odontopteryx  tclia^cns^  restored ;  from  the  London  Clay. 
(AAer  Owen.) 

form,  and  of  two  sizes.  Upon  the  whole,  Odontopteryx  would 
appear  to  be  most  nearly  allied  to  the  Anatidce^  but  the  serration  of 
its  jaws  is  an  entirely  unique  character,  unknown  in  any  existing 
type. 

Suborder  14.  PALAMEDEiE. — Of  this  group,  comprehending  only 
the  American  Screamers  {Chauna^  &c.),  no  fossil  representatives  are 
known. 

Suborder  i  5.  ODONTOGLOSSiE. — The  only  family  of  this  group 
b  the  Phctnicopterida^  or  Flamingos,  which  are  exceedingly  long- 
limbed  waders,  distinguished  by  a  peculiar  downward  bend  of  the 
beak,  and  presenting  characters  connecting  them  on  the  one  hand 
with  the  Anseres,  and  on  the  other  with  the  Herodiones.  The 
existing  genus  Phanicoptcrus  is  found  in  the  Allier  Miocene ;  while 
in  the  same  beds,  as  well  as  in  the  equivalent  deposits  of  the 
Mayence  basin,  and  also  in  the  somewhat  higher  strata  of  Stein- 
heim,  in  Bavaria,  occurs  the  peculiar  genus  Palaiodus,  which, 
while  apparently  allied  to  Phanicopterus^  presents  some  affinity  to 
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the  Limicolse,  and  also  shows  one  osteological  feature  now  only 
occurring  among  the  Pygopodes  in  Podiceps  (Grebes)  and  Colymbus 
(Divers).  Elornis^  from  the  Lower  Miocene  of  Ronzon,  appears 
to  be  also  allied  to  the  Flamingos;  while  Agnopterus^  from  the 
Upper  Eocene  of  Montmartre,  may  perhaps  be  also  included  in 
the  present  group. 

Suborder  16.  Herodiones. — ^This  suborder  includes  the  Plata- 
leida^  or  Spoonbills  and  Ibises ;  the  Ciconiida^  or  Storks ;  and  the 
Ardeidcty  or  Herons ;  all  of  which  are  waders.  The  Platakida  are 
represented  in  past  epochs  by  an  extinct  species  oi  Ibis  {I,pagana\ 
from  the  Allier  and  Steinheim  Miocene ;  while  the  existing  Asiatic 
Black-headed  Ibis  (/.  melanocephala)  has  left  its  remains  (fig.  1108, 
p.  1 2 17)  in  the  Pleistocene  cave-deposits  of  southern  India.  An- 
other existing  species  of  this  genus  occurs  in  the  cave-deposits  oC 
Brazil.  In  the  Ciconiiday  an  extinct  species  of  the  African  and 
Oriental  genus  LepiopHlus  (Argald)y  which  includes  the  giant 
Adjutant  Stork  of  India,  is  found  in  the  Pliocene  Siwaliks  of  the 
latter  country,  and  another  in  the  Middle  Miocene  of  Bavaria; 
while  an  undetermined  Ciconioid,  from  the  Pikermi  beds  of 
Attica,  may  possibly  belong  to  the  same  genus.  Part  of  a  meta- 
tarsus, from  the  Tertiary  of  Argentina,  indicates  a  bird  double  the 
size  of  the  Pampean  Stork,  and  has  been  made  the  type  of  the 
genus  PalcBociconia,  The  Indian  Siwaliks  have  also  yielded  remains 
of  another  giant  Stork,  of  which  the  genus  has  not  yet  been  deter- 
mined. In  the  Pleistocene  of  Queensland  there  occurs  an  extinct 
species  of  Xenorhynchus.  In  the  Ardeida  the  type  genus  Arim 
(Heron)  is  represented  in  the  Bavarian  Miocene  by  a  species  {A. 
similis)  apparently  closely  allied  to,  but  rather  stouter  than,  the 
common  Heron  (A,  cinerea) ;  and  remains  of  the  same  genus  also 
occur  in  the  Miocene  of  Allier  and  Gers.  The  Night-Herons 
(NycHcorax)  are  known  by  an  extinct  species  in  the  Pleistocene  de- 
posits of  the  Island  of  Rodriguez.  Finally,  certain  remains  from 
the  London  Clay  may  possibly  indicate  that  this  family  dates  from 
that  epoch. 

Suborder  17.  Steganopodes. — In  the  Steganopodes  are  in- 
cluded a  number  of  web-footed  Birds,  such  as  the  Darters  (Plotiid)^ 
Cormorants  {Phaiacrocoraddo!),  Albatrosses  and  Frigate-Birds  (Fn- 
gatid(z\  and  the  Pelicans  {Pelicanida\  some  of  which  are  regarded 
as  more  or  less  closely  allied  to  the  Gaviae,  while  it  is  suggested 
that  there  may  also  be  a  connection  between  this  group  and  the 
Accipitres.  The  Plotida  are  only  known  in  a  fossil  state  by  a 
species  of  the  one  genus  Plotus^  from  the  Pleistocene  of  Queens- 
land. In  the  Phalacrocoracida  we  find  the  type  genus  Phala- 
crocorax  (Graculus  or  Cormoranus)  in  the  Eocene  of  Montmartre, 
the  Allier  Miocene,  the  Pliocene  of  the  United  States,  and  prob- 
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ably  also  in  the  Indian  Siwaliks ;  remains  of  the  existing  Cormorant 
(P,  cardo)  being  found  in  the  Norfolk  Forest-bed.  Suia  (Gannet) 
occurs  in  the  Miocene  beds  of  Colorado  and  of  Ronzon  (Puy-en- 
Velay) ;  while  Pdagornis^  of  the  Allier  Miocene,  is  provisionally 
placed  in  this  family.  In  the  Fregatida  remains  of  a  Diomedia^ 
apparently  closely  allied  to  the  Albatrosses  of  the  Southern  seas, 
have  been  described  from  beds  at  the  top  of  the  Suffolk  Crag; 
whUe  it  is  considered  probable  that  Argillornis^  of  the  London 
Clay,  indicates  the  existence  of  this  family  in  the  Lower  Eocene. 
In  the  PeUcanida  remains  of  true  Pelicans  {Pelecanus)  occur 
in  the  Miocene  of  Allier  and  Bavaria,  as  well  as  in  the  Indian 
Siwaliks. 

Suborder  18.  Accipitres. — The  Accipitres,  or  Diurnal  Birds 
of  Prey,  are  characterised  by  their  curved  beak  (fig.  1122,  b),  the 
absence  of  a  circle  of  feathers  round  the  eye,  and  the  powerful 
talons  of  the  foot  (fig.  1 122,  a),  as  well  as  by  many  osteological 
features,  and  especially  the  nearly  straight  line  formed  by  the  three 


Fig.  1 139.— A,  Foot  of  the  Peregrine  Falcon ;  b,  Head  of  Bussard.    Reduced. 

terminal  trochleae  of  the  tarso-metatarsus  (fig.  11 23),  and  the  ab- 
sence of  a  bony  bridge  over  the  extensor  tendons  at  the  distal 
extremity  of  the  tibia.  The  probability  of  this  group  being  related 
to  the  Steganopodes  has  been  already  noticed.  The  Cathartida^ 
ox  American  Vultures,  are  represented  by  existing  species  of  Cath- 
aries  and  Gyparchus  in  the  Pleistocene  of  the  Brazilian  caves.  It 
has  also  been  considered  that  this  group  is  represented  in  Europe 
by  Uthomis  vuJturinuSy  of  the  London  Clay ;  an  opinion  which,  if 
confirroed,  will  be  of  considerable  interest  from  a  distributional 
point  of  view.  The  peculiar  Serpentariida^  or  Secretary  Vultures, 
of  Africa,  are  known  by  a  species  of  the  one  existing  genus  Ser- 
peniarius  firom  the  Allier  Miocene.  The  Fakonida  include  all  the 
remaining  genera,  which  are  grouped  in  several  subfamilies.  Of 
these  the  Vulturina^  or  true  Vultures,  are  represented  in  the  Pleis- 
tocene breccia  of  Sardinia  by  remains  of  the  type  genus  Vultur; 
while  those  of  the  existing  Afro-Indian  Neophron  percnopterus  are 
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recorded  from  the  equivalent  cave-deposits  of  southern  India.    In 
the  other  groups  we  have  evidence  of  a  species  of  either  MUvus  or 

Circus  (fig.    1 1 23)  from  the  last-named 

(\  ^  deposits,  the  figure  being  given  in  order 

I  I  H  to  show  the  form  of  the  distal  end  of  the 

\  I  Vl  tarso-metatarsus  so  characteristic  of  this 

/  1  jf  I  suborder.     MUvus  is  recorded  from  the 

/  H  m\         Allier   Miocene ;    and   Falco    from  the 

y   iV  Jr*^V      Montmartre   Eocene.      Species  refenred 

<^JQlf!3  9M^^      to  Aquila  are  mentioned  both  from  the 

A  B  Miocene   of  Allier  and  Gers,  and  the 

ig.  ii2^.-<^ Miiyu* or  Circus,     Sardinian   Pleistocene  :   while   Haiiactus 

11iedis(al  half  of  the  left  tarso-       .  ,     ,      /•  ^  ^^  • 

is  recorded  from  Gers.  Of  extmct 
genera  PalaoMerax^  from  the  Allier 
Miocene,  is  regarded  as  being  allied  to 
Aquila  ;  while  PalcRocircus^  of  the  Montmartre  Eocene,  is  described 
as  showing  affinity  to  the  Buzzards  (Butco\  and  the  Osprey  {Pan- 
dion)\  TeracuSy  from  the  Ronzon  Miocene,  being  an  imperfectly 
known  form.  The  largest  known  member  of  this  suborder  is 
Harpagornisy  from  the  Pleistocene  of  New  Zealand,  which  was 
apparently  allied  to  Circus,  Finally,  several  existing  species  of 
Faiconida  are  recorded  from  the  Pleistocene  of  the  Brazilian 
caves. 

Suborder  19.  Striges. — The  Striges,  or  Owls,  were  formerly 


sp.  1  ne  distal  half  of  the  left  tarso- 
metatarsus^  from  the  anterior  (a) 
and  posterior  (b)  aspects ;  from  the 
Pleistocene  of  Madras 


Fig.  Z194.— A,  Foot  of  the  Long-eared  Owl  {Otus  vulgaris);  b,  Head  of  the  same.    Redaoed. 


grouped  with  the  Accipitres,  but  are  now  regarded  as  being  prob- 
ably more  nearly  allied  to  the  Parrots.  Comparatively  few  fossil 
forms  are  known ;  but  in  the  Asionida^  or  Eagle-Owls,  we  have  the 
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great  Eagle-Owl  {Bubo  ignavus)  in  the  Norfolk  Forest-bed,  and 
the  existing  Indian  B.  coromandus  in  the  Pleistocene  of  Madras ; 
while  this  genus  is  also  recorded  from  the  Allier  Miocene,  and  is 
represented  in  the  Eocene  of  the  United  States  by  B,  leptosteus^ 
which  was  about  two-thirds  the  size  of  the  existing  B,  virginianus 
now  inhabiting  the  same  regions.  The  existing  Ceylon  Fish- 
Owl  (Cetupa  1  ceylonensis)  occurs  in  the  Pleistocene  of  Madras,  and 
the  great  European  Snowy  Owl  {Nyctea  scandiacd)  in  that  of  West- 
phalia. In  the  Strigida^  or  true  Owls,  remains  of  an  extinct  species 
of  Carine  have  been  described  from  the  Pleistocene  of  the  Island 
of  Rodriguez ;  while  bones  from  the  Miocene  of  Allier  and  Gers 
have  been  referred  to  ^rix. 

Suborder  20.  Psittaci. — ^The  Parrots,  Cockatoos,  and  their 
allies,  which  constitute  this  suborder,  are  now  confined  to  the 
warmer  regions  of  the  globe,  and  are  remarkable  for  the  presence 
ol  a  hinge-joint  at  the  base  of  the  strongly-curved  cranial  portion  of 
the  beak,  whereby  the  upper  jaw  can  be  moved  upon  the  cranium 
proper,  as  is  shown  in  fig.  1 1 25,  a.     All  the  genera  are  of  scansorial 


Fig.  1x35. — Right  lateral  aspect  of  the  skull  (a)  and  of  the  left  pes  (b)  of  Ptittacus  erytkacus. 
Rednced.    a,  First  (hallux) ;  b^  Second ;  c.  Third ;  d^  Fourth  digit.    (After  Blanchard.) 

habits,  and  the  foot  has  a  hallux  (fig.  1 125,  b).  In  the  Psitiacida^ 
or  true  Parrots,  remains  from  the  Allier  Miocene  have  been  referred 
to  the  typical  African  genus  Psittacus^  but  that  term  must  be  used 
in  a  wider  sense  than  the  one  in  which  it  is  employed  by  the  students 
of  recent  Ornithology.  Lophopsittacus  is  an  extinct  genus  from  the 
Pleistocene  of  Rodriguez.  Remains  of  the  genus  Nestor^  peculiar 
to  New  Zealand,  occur  in  the  deposits  of  that  country  which  yield 
Dinomis^  and  probably  belong  to  existing  species.  The  American 
Macaws  are  represented  by  species  of  Ara  in  the  Brazilian  cave- 
deposits.  In  the  Palaomithiday  which  includes  the  Lories  and 
Parakeets,  an  extinct  species  of  the  existing  African  and  Oriental 
genus  Palaomis  occurs  in  the  Pleistocene  of  Rodriguez,  which  has 
also  yielded  the  extinct  Ntcropsittacus.     The  Stringopida  of  New 

^  Amended  from  Ketupa, 
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Zealand,  and  the  Cacatuida  (Cockatoos)  of  Australia,  have  not  yet 
been  recorded  in  a  fossil  state. 

Suborder  21.  PiCARiiE. — ^The  Picaria  are  a  somewhat  hetero- 
geneous group  of  Birds,  of  which  it  will  be  unnecessary  to  mention 
all  the  families,  since  only  a  few  are  definitely  in  a  fossil  condition. 
To  the  African  Musophagida^  or  Plaintain-cutters,  it  is  thought  the 
extinct  NecromiSy  from  the  Miocene  of  Gers,  may  possibly  belong. 
The  remarkable  Leptosomatida^  of  Madagascar,  which  connect  the 
Coraciida  with  the  Cuculida^  are  represented  by  a  species  of  the 
type  genus  Leptosoma  in  the  AUier  Miocene.  The  latter  deposits 
have  also  yielded  a  species  of  Trogon,  the  type  of  the  family  Tro- 
gonida,  Litnnatomis^  of  the  same  beds,  is  referred  to  the  Upupida^ 
or  Hoopoes ;  while  it  is  considered  that  the  Upper  Eocene  Cryptor- 
nis  may  belong  to  the  Bucerotida^  or  Hombills,  of  the  Ethiopian 
and  Oriental  regions.  The  Alcedinida^  or  King-fishers,  are  repre- 
sented in  the  London  Clay  by  Hcdcyomis ;  while  in  the  Pidda 
(Woodpeckers)  we  have  the  existing  genus  Picus  in  the  Middle 
Miocene  of  Is^re  and  the  Lower  Miocene  of  AUier,  and  the  extinct 
Uintomis  in  the  Eocene  of  Wyoming.  Finally,  the  Cypselida^  or 
Swifts,  are  known  to  have  existed  since  the  Allier  Miocene,  where 
we  find  a  species  of  the  type  genus  Cypselus  closely  allied  to  existing 
forms. 

Suborder  22.  Passeres. — Of  the  Passeres,  the  last  and  most 
highly  organised  group  of  the  class,  an  enormous  number  of  living 
genera  and  species  are  known ;  but  from  the  comparatively  small 
size  of  the  majority  of  species,  and  the  difficulty  of  distinguishing 
even  genera  by  fragmentary  bones,  scarcely  anything  is  known  of 
their  palaeontological  history.  To  the  Alaudida  (Larks)  has  been 
provisionally  referred  FroiomiSy  from  the  Lower  Eocene  of  Glanis 
in  Switzerland ;  and  Alauda  is  recorded  from  the  Upper  Pliocene 
of  Italy.  In  the  Corvida  (Crows)  the  type  genus  Corous  has  been 
described  from  the  Allier  Miocene.  In  the  Pleistocene  of  Rodriguez 
the  extinct  Necrapsar  is  a  Starling  {Sturnida)  closely  allied  to  the 
pied  and  crested  Fregihpus  of  Reunion,  which  also  appears  to  have 
recently  become  extinct  Among  the  Fringillidm  (Finches)  Loxia 
and  Passer  are  provisionally  recorded  from  the  Allier  Miocene ;  and 
to  this  family  may  perhaps  be  referred  the  extinct  genus  PalaospitOy 
from  the  Upper  Eocene  of  Colorado.  Finally,  we  have  a  repre- 
sentative of  the  LaniidcBy  or  Shrikes,  in  a  species  of  Lanius  from 
the  Allier  Miocene ;  while  the  Sittida  (Nuthatches)  date  their  exist- 
ence at  least  from  the  fossil  Sitta  of  the  Montmartre  Eocene,  and 
are  also  represented  by  a  species  in  the  Upper  Pliocene  of  Italy. 
Lastly,  the  cave-deposits  of  Brazil  have  yielded  remains  of  several 
existing  forms  of  Passerines,  among  which  it  will  suffice  to  mention 
a  species  of  Swallow  (Hirundo), 
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CHAPTER    LVIII. 
CLASS     MAMMALIA. 

GENERAL  STRUCTURE. 

The  Mammalia,  or  highest  class  of  the  Vertebrata,  are  character- 
ised by  having  some  part  of  the  integument  provided  with  hairs  at 
some  period  of  life,  and  by  the  young  being  nourished  for  a  longer 
or  shorter  time  by  the  milk,  or  special  secretion  of  the  mammary 
glands.  As  characters  available  in  the  case  of  fossils,  it  may  be 
observed  that  the  cranium  articulates  with  the  atlas  vertebra  by  two 
occipital  condyles,  mainly  formed  by  the  exoccipitals ;  while  each 
ramus  of  the  mandible  consists  of  only  a  single  piece,  which  proxi- 
mally  articulates  directly  with  the  squamosal  element  of  the  cranium 
without  the  intervention  of  a  quadrate ;  and  there  is  no  movable 
joint  between  the  proximal  and  distal  rows  of  the  tarsus.  Like  the 
Sauropsida,  Mammals  possess  during  development  an  amnion  and 
allantois,  and  are  totally  devoid  of  gills.  They  differ  from  Reptiles 
and  agree  with  Birds  in  having  a  four-chambered  heart,  warm  blood, 
and  a  complete  double  circulation.  They  are  peculiar  in  that  the 
red  corpuscles  of  the  blood  are  not  nucleated  and  usually  circular; 
in  the  lungs  being  freely  suspended  in  the  thoracic  cavity,  which  is 
separated  from  the  abdomen  by  a  muscular  partition  termed  the 
diaphragm  ;  in  the  presence  of  only  the  left  aortic  arch ;  and  in  the 
perfection  of  the  transverse  commissure  (corpus  callosum)  connect- 
ing the  two  cerebral  hemispheres.  Feathers,  moreover,  are  never 
present,  and  there  is  no  syrinx  or  lower  vocal  organ,  although 
a  complete  larynx  is  always  developed  in  the  upper  portion  of  the 
trachea^  or  respiratory  tube. 

It  will  be  unnecessary  in  this  work  to  make  any  further  mention 
of  the  soft  parts,  but  a  few  remarks  must  be  made  concerning  the 
t^;umentary  and  dental  systems,  and  the  endoskeleton ;  although 
the  student  must  refer  to  other  works  for  fuller  information  on  these 
subjects.     With  regard  to  the  tegumentary  system,  it  will  suffice  to 
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observe  that  imbricated  homy  scales  occur  in  the  epidermis  only  in 
the  family  Manida  among  the  Edentata ;  and  flat  homy  shields, 
with  their  edges  in  apposition,  in  the  tails  of  the  Beaver,  Rats,  and 
certain  Insectivores  and  Marsupials.  The  Armadillos  and  Glypto- 
donts  develop,  however,  a  series  of  bony  scutes  articulating  with 
one  another  in  the  true  dermis,  which  are  covered  by  homy  epi- 
dermal shields ;  the  whole  structure  being  thus  precisely  comparable 
to  that  obtaining  in  the  Crocodilia.  Smaller  separate  bony  scutes 
also  occur  in  the  dermis  of  Mylodon.  The  horns  of  the  Ruminants 
and  Rhinoceroses  are  entirely  epidermal  stmctures ;  the  former 
being  hollow  sheaths  enveloping  bony  cores,  while  the  latter  are 
solid  throughout. 

The  dental  system,  as  being  of  extreme  importance  for  the  deter- 
mination of  the  extinct  forms,  must  be  noticed  somewhat  more  fully. 
Calcified  teeth  are  developed  in  the  great  majority  of  Mammals,  but 
in  the  true  Whales  they  occur  only  in  the  embryo,  in  Ornithorhynchus 
they  disappear  in  the  adult,  while  in  Echidna^  Manis,  and  Mymu- 
cophaga,  no  traces  of  them  have  as  yet  been  detected.  In  the  adult 
of  Ornithorhynchus  and  Rhytina  the  function  of  teeth  is  discharged 
by  homy  plates,  or  comules  on  the  palate.  In  all  other  forms,  how- 
ever, true  teeth,  which  are  developed  only  in  the  premaxilla,  maxilla, 
and  dentary  bones,  are  present ;  and  are  usually  composed  of  the 
three  elements,  dentine,  enamel,  and  cement,  although  occasionally, 
as  in  the  existing  Edentates,  the  enamel  is  absent  The  dentine, 
or  ivory,  forms  the  chief  constituent  of  most  teeth.  This  is  coated, 
either  completely  or  partially,  in  the  majority  of  cases  by  a  thin  in- 
vesting layer  of  the  hard  flint-like  enamel,  which  is  readily  distin- 
guished from  the  dentine  by  its  bluish-white  and  translucent  appear- 
ance, while  the  outermost  coat  of  cement,  when  present,  is  of  a  dull 
opaque  white,  or  buff,  colour.  The  cement  is  frequently  found  only 
as  a  thin  coating  at  the  roots  of  the  teeth ;  but  it  is  very  largely 
developed  in  the  crowns  of  the  hinder  teeth  of  many  Ungulates. 
In  the  teeth  of  the  great  majority  of  Mammals  (as  in  fig.  11 26)  the 
crown,  or  exposed  portion,  is  sharply  defined  by  a  construction 
known  as  the  neck  from  the  root,  or  embedded  portion ;  but  in  those 
teeth  to  be  immediately  noticed,  which  grow  continuously,  there  is 
no  such  distinction  between  the  crown  and  the  root  In  no  Mam- 
mals are  the  teeth  anchylosed  to  the  bones  of  the  jaw ;  ^  and  they 
are  invariably  implanted  in  distinct  alveoli,  or  sockets,  which  are, 
however,  very  imperfect  in  certain  Cetacea.  In  all  young  animals, 
while  the  teeth  are  still  growing,  the  inferior  extremity  of  the  root, 
or  roots,  is  widely  open ;  but  in  the  majority  of  instances  this  aper- 
ture becomes  completely  dosed  in  the  adult  (fig.  11 26).     In  certain 

^  Except,  perhaps,  the  incisors  of  the  Shrews. 
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cases,  however,  as  in  the  anterior  cutting-teeth  of  the  Rodents  and 
the  tusks  of  the  Elephant,  the  root  remains  permanently  open  be- 
low, and  the  tooth  consequently  continues  to  grow  throughout  the 
life  of  the  animal  In  such  circumstances  the  teeth  are  said  to  have 
persistent  pulps.  The  anterior  teeth  (fig.  11 26,  c,  /),  with  some 
rare  exceptions,  are  of  simple  structure  and  have  but  a  single  root ; 
but  the  hinder  ones  {ilnd,,  pm^  m)  very  generally  have  more  or  less 
complex  crowns,  which  may  be  supported  by  from  two  to  four  roots ; 
such  division  of  the  roots  being  unknown  outside  the  Mammalian 
class.  In  many  forms  the  summits  or  sides  of  the  crowns  of  the 
hinder  teeth  may  be  interpenetrated  by  deep  re-entering  folds  of 
enamel,  which  may  be  filled  up  with  cement ;  these  folds  being  espe- 


Fig.  1136.  —Teeth  of  the  right  side  of  the  lower  jaw  of  the  Chimpanzee.    >,  Incisors ; 
Ci  Canine  ;  /m,  Premolars  ;  m,  True  molars.    (After  Owen.) 

dally  developed  in  many  Rodents  and  Ungulates.  From  this 
structure  it  will  naturally  result  that  when  a  horizontal  section  of  the 
crown  of  such  a  tooth  is  made  by  the  wearing  of  the  upper  against 
the  lower  series,  an  extremely  complex  pattern  will  appear,  as  will 
be  seen  in  the  figures  of  the  cheek-teeth  of  the  above-mentioned 
groups  which  are  given  below.  Much  more  rarely,  as  in  the  Horse, 
there  may  be  an  infolding  of  the  enamel  in  the  summits  of  the 
crowns  of  the  anterior  teeth. 

With  the  exception  of  the  above-mentioned  edentulous  forms,  in 
a^  existing  Mammals  one  definite  set  of  teeth,  which  is  almost 
always  constant  in  number,  is  developed,  and  this  set  when  it  ap- 
pears usually  persists  throughout  the  remaining  portion  of  the  life 
of  its  owner.  In  a  large  number  of  species  this  is  the  only  set  ever 
developed ;  and  such  species,  or  groups  of  species,  are  consequently 
said  to  be  Monophyodont,  In  the  greater  majority  of  Mammals, 
however,  the  development  of  occasionally  only  one,  but  usually  of 
the  greater  number  of  the  anterior  teeth  of  this  permanent  set  is 
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retarded,  and  their  function  filled  for  a  time  by  an  earlier  series 
of  so-called  milk-teeth ;  such  Mammals  being  accordingly  termed 
DiphyodonL  As  development  proceeds  the  permanent  teeth  in  such 
Mammals  come  up  beneath  the  milk-teeth,  and  thus  replace  them 
in  a  vertical  direction  ;  but  there  are  instances  where  certain  of  these 
milk-teeth  have  no  such  permanent  successors,  while  in  other  cases 
the  anterior  teeth  which  come  into  use  with  the  permanent  denti- 
tion have  no  milk  predecessors.     Those  Mammals  with  a  Mono- 


Fig,  nay. — Outer  lateral  aspect  of  the  }eft  dentition  of  the  Pig  i^Sus  scr»/a\  with  the  cater 
lamina  of  bone  removed,  in  order  to  exhibit  the  roots  of  the  teeth.  / ,  Incisors ;  c.  Canine ;  >Mr» 
Premolars  ;  m,  True  molars. 

phyodont  dentition  present  the  least  specialised  development,  since 
the  milk-series  appears  from  the  latest  researches  to  be  an  addition 
grafted  on  to  the  permanent  one;  and  there  is  accordingly  no  homo- 
logy between  this  definite  single  replacement  and  the  irregular  con- 
tinuous change  which  takes  place  in  many  Reptiles.  In  some  Mam- 
mals, like  the  Dolphins  {Delphinidai\  all  the  teeth  are  so  much  alike 
that  they  cannot  be  divided  into  groups,  and  the  dentition  is  then 
described  as  Homcsodont ;  but  in  the  majority  the  permanent  teeth, 
either  from  their  position  or  their  mode  of  succession,  can  be  sepa- 
rated into  four  distinct  groups  (as  in  figs.  1126, 1127),  and  the  den- 
tition is  then  termed  Heterodont  In  Eutherian  Diphyodont  Mam- 
mals the  total  number  of  teeth  of  the  permanent  series  does  not 
normally  exceed  44;  and  in  forms  like  5ms  (fig.  11 27),  or  the  ex- 
tinct Anoplotheriuniy  where  this  full  complement  is  present,  the  first 
three  upper  teeth  (/  i-i  3)  on  either  side,  which  are  situated  in  the 
premaxillae,  are  termed  incisors  ;  the  last  three  (m  i-»»  3),  which  are 
distinguished  by  having  no  milk-predecessors,  tnte  molars ;  the  four 
submolariform  teeth  {pm  i-pm  4)  in  advance  of  the  latter,  of  which 
the  last  three  have  such  deciduous  predecessors,  premolars;  and 
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the  single  subconical  tooth  (c)  situated  between  the  premolars  and 
the  incisors  the  canine;  the  latter  tooth  being  the  first  of  those 
borne  by  the  maxilla.  The  same  terms  are  applied  to  the  corre- 
sponding lower  teeth,  although  it  will  be  unnecessary  here  to  indicate 
how  such  serial  correspondence  is  worked  out.  For  the  sake  of 
brevity  such    a  dentition   may   be   expressed   by  the   numerical 

formula — /.  ;   C, ;  Fm,  ;  M,  =  44;     but 

3—3  I— I  4—4  3—3 

since  the  teeth  of  opposite  sides  of  the  jaws  always  correspond,  such 
a  formula  may  be  further  simplified  into — 

/.  ^;  C.-)  Fm.  -;  M.  5  =  22x2  =  44. 
31  4  3 

The  individual  teeth  of  each  group  are  enumerated  from  before 
backwards,  and  by  such  a  formula  as  the  following — viz., 
Z  I,  7.  2,  L  3,  C,  Pm.  I,  Pm.  2,  Pm.  3,  Fm.  4,  M.  i,  M,  2,  M.  3, 
I.  I,  /.  2,  /  3,  C,  Fm.  I,  Fm,  2,  Fm.  3,  Fm.  4,  M.  i,  M.  2,  M.  3, 
—each  individual  tooth  can  be  specially  noted.  Thus,  for  example, 
pm.  I  will  indicate  the  first  upper  premolar,  and  m.  3  the  third,  or 
last,  lower  true  molar.  It  will  frequently,  moreover,  be  convenient 
to  speak  of  the  incisors  and  the  canine  collectively  as  the  cutting-^ 
and  of  the  premolars  and  true  molars  as  the  cheek-teeth.  It  is  very 
generally  the  case  that  when  the  true  molars  are  reduced  to  less 
than  three  it  is  the  hinder  tooth,  or  teeth,  that  disappear ;  in  the 
premolars  it  is,  however,  frequently  the  anterior  teeth  that  are  want- 
ing, although  this  is  by  no  means  invariably  the  case,  and  there  are 
instances  known  where  the  second  and  fourth  disappear,  while  the 
first  and  third  remain.  In  the  figure  of  the  lower  dentition  of  the 
Chimpanzee  given  on  page  1247,  ^^^  ^^o  premolars  are  usually 
reckoned  as  pm,  3  and  pm.  4,  but  it  is  not  certain  that  such  is 
really  the  case.  Again,  it  has  been  suggested  that  the  two  incisors 
found  in  that  species,  in  common  with  other  Primates,  may  be  the 
first  and  third  of  the  typical  Eutherian  series  of  three,  although  other 
authorities  regard  them  as  the  second  and  third.  It  may  also  be  ob- 
served that  in  some  groups,  as  the  Camivora,  the  specialised  forms 
tend  to  lose  the  molars  and  retain  the  full  number  of  anterior  teeth ; 
while  in  others,  like  the  Ungulates,  the  reverse  condition  obtains. 

The  milk-dentition  may  be  expressed  by  a  similar  formula  with 
the  prefix  of  the  letter  M.  to  the  symbols.     The  typical  milk-series 

will    thus  be  written  as  M.i.  ?,  M.  c\  M.m.  ? ;  the  three  milk- 

3  I  3 

molars  corresponding  to  the  last  three  premolars  of  the  permanent 
series.  In  a  few  Ungulates,  however,  such  as  Tapirus^  and  some- 
times Rhinoceros  and  PcUceotherium^  four  milk-molars  are  developed. 
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Among  the  existing  Metatheria  the  number  of  trae  molars  is 

generally  ^,  while  the  premolars  are  very  frequently  reduced  in 

4 
number,  and  there  may  be  five  upper  incisors.  In  one  existing, 
and  several  Mesozoic  members  of  that  subclass,  the  number  of  tnie 
molars  exceeds  four ;  but,  with  the  possible  exception  of  some  of 
these  extinct  types,  there  is  no  known  instance  of  a  heterodont 
Mammal  normally  having  more  than  four  premolars;  and  there 
is  never  more  than  a  single  canine  tooth  on  either  side  of  each 
jaw. 

Since  in  Ungulates  it  is  sometimes  difficult  to  distinguish  molars 
from  premolars,  it  may  be  well  to  mention  how  the  division  between 
the  two  series  can  always  be  determined.  Since  the  first  tooth  of  the 
true  molar  series  always  comes  into  use  before  the  last  milk-molar  is 
shed,  it  is  obvious  that  in  the  adult  the  first  true  molar  will  always 
be  more  worn  than  the  last  premolar.  Thus,  in  the  three  teeth  of 
Hipparion  represented  in  fig.  1233,  the  tooth  on  the  left  side  of 
the  figure  being  more  worn  than  the  one  in  the  middle  is  thereby 
shown  to  be  the  first  of  the  true  molar  series  \  the  other  two  being 
consequently  premolars. 

The  different  types  of  cheek-teeth  will  be  mentioned  under  the 
head  of  the  various  orders  and  families,  but  a  few  general  observa- 
tions may  be  recorded  here.  Professor  Osbom  considers  that  the 
primitive  Mammals  had  simple  conical  teeth  with  undivided  fangs, 
and  that  the  crowns  of  the  teeth  of  the  upper  and  lower  jaws  mu- 
tually interlocked.  Teeth  nearly  approaching  to  this  type  occur  in 
the  Triassic  Dromatherium  (fig.  1140),  while  those  of  the  Dolphins 
are  looked  upon  as  a  reversion  to  this  type.  Another  simple  type, 
according  to  the  views  of  the  same  author,  is  that  found  in  Tricowh 
don  and  Priacodon  (fig.  1147),  where  the  upper  and  lower  teeth 
alike  consist  of  three  cusps  in  a  line ;  the  upper  teeth  biting  on  the 
outer  side  of  the  lower.  A  third  common,  and  apparently  very 
generalised,  type  of  tooth  is  that  known  as  the  tritubercular.  This 
consists  in  the  upper  teeth  of  one  inner  and  two  outer  cusps,  ar- 
ranged in  a  triangle ;  while  in  the  lower  jaw  the  reverse  arrangement 
obtains,  so  that  there  is  one  cusp  on  the  outer  and  two  cusps  on  the 
inner  side  of  the  crown.  An  example  of  this  type  of  structure  in 
its  simplest  form  occurs  in  the  Mesozoic  genus  Spalcuotherium, 
Modifications  of  this  type  occur  in  the  lower  teeth  of  many  Marsu- 
pials (e.g,^  fig.  1 145),  and  also  in  the  lower  camassial  teeth  of  the 
Camivora,  of  which  mention  is  made  in  the  sequel.  The  trituber- 
cular type  of  tooth  is  regarded  by  the  American  Palseontologists  as 
one  which  has  given  rise  to  a  large  number  of  the  more  complex 
modifications ;  and  it  is  extremely  common  among  the  generalised 
Mammals  of  the  Lower  Eocene. 
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In  adult  Mammals,  as  in  the  Sauropsida,  the  whole  of  the  primi- 
tive cartilaginous  cranium  is  replaced  by  extensive  ossifications, 
except  in  the  ethmoidal  region ;  and  these  bones,  with  the  excep- 
tion of  those  of  the  mandible,  hyoid  arch,  and  internal  auditory 
apparatus,  are  similarly  articulated  together  at  their  edges  by  suture. 
As  age.  goes  on  there  is  generally  a  tendency  to  the  obliteration  of 
these  sutures,  this  being  most  marked  in  Manis.  In  all  cases  the 
parasphenoid  has  ceased  to  exist  as  a  distinct  ossification.  It  has 
already  been  observed  that  the  hinder  part  of  the  cranium  articulates 
with  ^e  first,  or  atlas,  vertebra  by  two  exoccipital  condyles,  and 
also  that  each  of  the  two  rami  of  the  mandible  is  composed  of  a 
single  bone  articulating  at  its  proximal  or  hinder  extremity  with  the 
squamosal  of  the  cranium.  Owing  to  the  complete  incorporation  of 
the  squamosal  and  parietal  in  the  walls  of  the  brain-case  there  is 
(as  in  the  Birds)  no  superior  temporal  arcade ;  but  an  inferior,  or 
zygomatic,  arcade  is  nearly  always  present ;  and,  as  in  Crocodiles 
(although  not  in  Birds),  forms  the  lower  border  of  the  orbit  This 
inferior  temporal  arcade,  or  arch,  differs,  however,  from  that  of  most 
Sauropsida  in  that  its  jugal  element  articulates  directly  with  the 
squamosal,  in  which  respect  it  accords  with  that  of  the  Dicynodont 
Reptiles,  and  should  be  known  as  a  squamoso-maxillary  arcade. 
According  to  the  view  of  Professor  Huxley,  the  Sauropsidan  quad- 
rate has  been  taken  up  into  the  inner  ear  to  form  the  malleus. 
More  recentiy,  however,  other  writers  have  taken  a  different  view, 
and,  according  to  Dr  Baur,  the  representative  of  the  quadrate  is  to 
be  found  in  the  zygomatic  process  of  the  squamosal,  with  which  the 
jugal  articulates;  the  quadratojugal  being  also  represented  at  the 
junction  of  these  two  bones.  Dr  Gadow,  however,  disputes  this 
view,  and  finds  the  representative  of  the  quadrate  in  the  tympanic 
ring,  this  determination  according  with  the  view  here  taken  as  to 
the  homology  of  the  zygomatic  arcade,  which  appears  to  have  no 
quadratojugal  element 

Again,  when,  as  in  the  Primates  and  many  Ungulates,  the  orbit 
is  bounded  posteriorly  by  a  bony  postorbital  bar,  the  ascending  pro- 
cess of  the  jugal  articulates  directly  with  the  frontal,  without  the 
intervention  of  the  postorbital  or  postfrontal,  which  forms  such  a 
conspicuous  feature  in  the  Reptilian  skull 

In  all  cases  the  premaxillse,  maxillae,  and  palatines  develop  in- 
ferior palatal  plates  which  meet  in  the  median  line  below  the  nasal 
passage,  and  thus  completely  separate  the  latter  from  the  cavity  of 
the  mouth.  Except,  however,  in  the  Anteaters  {Myrmecophaga\  in 
one  genus  of  Armadillo  {Tatusia\  in  certain  Cetaceans,  and  in  one 
species  of  Hyanodon^  this  flooring  of  the  nasal  passage  does  not 
extend  backwards  to  include  the  pterygoids,  as  it  does  in  modern 
Crocodilians.     The  palatines  are  always  placed  behind  the  maxillae. 
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Finally,  the  sclerotic  of  the  eyeball  never  develops  a  ring  of  bony 
plates  like  that  so  frequently  found  in  the  Sauropsida. 

A  characteristic  feature  of  the  larger  bones  of  Mammals,  although 
one  by  no  means  peculiar  to  the  class,  consists  in  their  ossifying 
from  several  distinct  centres.  In  the  case  of  the  long  bones  the 
shaft  is  formed  by  one  centre  of  ossification,  while  two  distinct  ele- 
ments termed  epiphyses  form  the  extremities ;  in  the  adult  the  whole 
of  these  being  welded  together  into  a  solid  mass.  The  long  bones 
are  also  tubular,  and  their  vacuity  is  filled  with  the  fatty  marrow. 

The  vertebrae  always  have  well-developed  articular  processes  on 
their  arches ;  the  ends  of  the  centra  are  generally  flattened,  but  in 
the  cervical  region  of  certain  Ungulata  they  may  be  opisthocoelous. 
Terminal  epiphyses,  so  generally  wanting  in  the  Sauropsida,  are 
nearly  always  present  The  number  of  vertebrae  varies  greatly, 
owing  to  the  great  difference  in  the  length  of  the  tail  in  different 
species ;  but  in  the  majority  of  Mammals  the  number  of  precaudal 
vertebrae  does  not  vary  very  far  from  thirty,  although  in  Hyrax 
and  Cholapus  their  number  reaches  forty.  In  spite  of  the  great 
difference  in  the  length  of  the  neck  in  different  Mammals,  the 
number  of  cervical  vertebrae  in  existing  forms  is,  with  three  normal 
exceptions,  seven.  These  exceptions  are  Manatus  australis  and 
Cholaspus  Hoffmanni^  in  which  the  number  is  reduced  to  six,  and 
Bradypus  tridactylus^  in  which  it  is  increased  to  nine.  Accord- 
ing, however,  to  Professor  W.  K.  Parker  there  may  occasionally 
be  eight  cervicals  in  the  Pangolin  {Mams),  The  first,  or  atlas, 
vertebra  always  has  two  articular  cups  for  the  occipital  condyles; 
and,  except  in  certain  Cetacea,  the  second,  or  axis,  has  a  well-de- 
fined odontoid  process.  Usually  the  cervical  vertebrae  are  quite 
free ;  but  they  are  anchylosed  together  in  some  of  the  Cetacea,  and 
in  the  Armadillos.  The  dorsal  vertebrae  are  usually  well  defined 
from  the  lumbar,  although  this  is  not  invariably  the  case ;  and  the 
number  of  dorso-lumbars  in  any  one  given  group  is  usually  very 
constant,  and  among  the  Ungulata  affords  assistance  in  classification. 
A  distinct  sacral  region  is  present  in  all  Mammals  except  the  Ce- 
tacea, where  the  iliac  bones  are  absent  The  number  of  caudal 
vertebrae  varies  from  three  (certain  Primates)  to  forty-six  {Mams). 
Chevron-bones  are  present  in  the  caudal  region  of  many  long-tailed 
forms.  The  sternum  is  always  present,  although  varying  greatly  in 
form.  It  usually  consists  of  a  presternum  (fig.  1128,/)  and  of  a 
posterior  xiphistemum  {x)^  between  which  are  a  varying  number  of 
segments  {tn)  constituting  the  mesostemum.  The  segments  of  the 
mesostemum  (fig.  11 28,  a)  may  be  anchylosed  together;  and  in 
the  Balcenidoe^  among  the  Cetacea,  only  the  presternum  is  present 
The  connection  of  the  ribs  with  the  sternum  is  generally  by  carti- 
lage ;  but  in  the  Armadillos  the  costal  cartilages  ossify,  and  are  then 
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known  as  sternal  ribs.  In  the  anterior  dorsal  region  the  capitular 
head  of  the  ribs  articulates  with  the  vertebrae  in  a  pit  at  the  junction 
of  two  centra,  while  the  tubercular  head  joins  the  transverse  process 
of  the  second  of  these  two  vertebrae ;  but  in  the  posterior  dorsal 
region  the  two  heads  generally  coalesce.  Dr  Baur  regards  the 
intervertebral  articulation  of  the  capitula  in  the  anterior  region  as  a 
direct  survival  of  the  intercentral  attachment  of  the  ribs  of  primitive 
forms  allied  to  Theriodont  Anomondontia,  which  has  been  totally 
lost  among  other  Reptiles ;  and  the  mode  of  costal  articulation  is 


Fiff.  1S28.— A,  Stemmn  and  right  costal  cartilases  of  Man ;  b,  Sternum  and  left  costal  cartilages 
of  Dog.    >,  Presternum ;  m,  Meaostemum ;  x,  Xiphistemum. 

undoubtedly  very  near  to  that  of  those  Anomodonts  which  have 
lost  the  intercentra.  Uncinate  processes  are  never  present  on  the 
ribs. 

In  all  Mammals  the  pectoral  limb  is  well  developed.  The  pec- 
toral girdle  is,  however,  usually  simpler  than  in  lower  forms ;  the 
coracoid  persisting  as  a  distinct  bone  only  in  the  Monotremata, 
where,  however,  it  anchyloses  to  the  scapula.  An  interclavicle  is 
present  only  in  the  last-named  order ;  where  it  articulates  with  the 
clavicles  after  the  Reptilian  manner.  In  the  Eutheria  the  clavicles 
only  retain  their  complete  development  in  those  groups,  such  as  the 
Insectivora,  many  Rodentia,  the  Chiroptera,  and  the  Primates, 
which  use  the  pectoral  limb  for  flight,  burrowing,  or  prehension. 
The  humerus  frequently  has  an  entepicondylar  foramen,  like  that  of 
the  Anomodont  Reptiles.    The  radius  and  ulna  retain  their  original 
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pre-  and  postaxial  position  in  the  Cetacea ;  but  in  most  other  Mam- 
mals they  are  crossed  at  their  distal  ends,  so  that  their  positions 
become  reversed,  and  in  the  "prone  "  or  normal  position  of  the  limb 
the  radial,  or  preaxial  border  of  the  hand,  becomes  internal.  In  the 
Primates,  however,  these  bones  admit  of  motion  upon  one  another ; 
and  when  the  hand  is  "  supine  "  (that  is,  with  its  palm  directed  for- 
wards or  upwards),  the  bones  of  the  fore-arm  occupy  their  original 
primitive  position.  In  the  majority  of  those  Mammals  whose  limbs 
are  adapted  solely  for  walking,  the  ulna  is  more  or  less  reduced,  and 
the  radius,  especially  at  its  proximal  end,  is  much  enlarged,  so  that 
it  articulates  with  the  whole  of  the  anterior  surface  of  the  humerus ; 
and  thus  comes  in  front  of  the  ulna,  instead  of  at  its  side.  The 
carpus  essentially  corresponds  with  that  of  the  type  represented  in 
fig.  829  (p.  907) ;  the  radiale,^  intermedium,  and  ulnare  being  termed 
the  scaphoid,  lunar,  and  cuneiform ;  the  trapezium,  trapezoid,  and 
magnum  representing  the  ist,  2d,  and  3d  carpalia,  and  the  unciform 
the  4th  and  5th  of  that  series.  A  centrale  is  present  in  the  carpus 
of  embryos  of  pentedactylate  forms;  but  in  the  adult  it  usually 
fuses  with  the  scaphoid,  although  it  remains  distinct  in  most  of 
the  Primates.  In  some  groups  others  of  these  elements  may 
also  coalesce,  and  one  or  more  may  be  absent  The  pisiform,  or 
presumed  representative  of  the  seventh  digit,  is  generally  well  de- 
veloped ;  while  in  pentadactylate  types  there  may  be  an  ossification 
representing  the  prepoUex.  The  metacarpals  and  digits  may  be  five 
in  number  (Proboscidea  and  Primates),  or  may  be  reduced  to  two, 
or  even  to  one  functional  member.  Among  the  Ungulata,  when 
the  metacarpus  is  reduced  to  a  single  functional  element,  as  in  the 
Horse,  such  element  is  frequently  termed  the  cannon-bone ;  in  ana- 
tomy, however,  this  term  is  more  usually  restricted  to  the  metapo- 
dium  of  those  Artiodactyla  which  consists  of  the  coalesced  third 
and  fourth  metapodials.  Except  in  the  Cetacea  there  are  never 
more  than  three  phalangeals  to  each  digit,  but  by  suppression  or 
anchylosis  this  number  is  occasionally  reduced ;  and  the  first  digit 
(poUex)  has  but  two  phalangeals.  The  pelvic  girdle  is  also  fully 
developed  in  all  Mammals  except  the  Cetacea  and  Sirenia ;  and  in 
the  adult  the  three  elements  coalesce  to  form  an  innominate  bone. 
The  pubis  and  ischium  of  the  same  side  always  unite  to  enclose  the 
obturator  foramen ;  and  the  two  pubes  meet  in  a  ventral  symphysis, 
which  is,  however,  not  completely  united  in  certain  Insectivora.  In 
a  large  number  of  instances  the  ischia  meet  in  a  ventral  symphysis, 

^  Since  the  preceding  chapters  were  in  type,  Dr  Baur  has  expressed  his  opinion 
that  the  bone  termed  radiale  in  fig.  829  is  really  a  second  centrale  ;  and  tl»t  the 
radiale  is  represented  by  a  minute  bone  generally  known  as  the  radial  sesamoid. 
The  Mammalian  scaphoid  is  accordingly  also  regarded  as  a  second  centrale.  In 
the  same  communication,  Dr  Baur  expresses  his  disbelief  in  the  existence  of  rem- 
nants of  a  prepoUex  and  of  a  seventh  digit  in  Mammals  and  other  Vertebrates. 
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which  is  greatly  elongated  in  some  Ungulates  (fig.  11 28  bis\  but  in 
the  Primates  and  some  other  forms  there  is  no  such  union.  In  the 
Monotremata  and  Marsupialia  epipubic,  or  marsupial,  bones  are 
attached  to  the  anterior  border  of  the  pubic  symphysis  (fig.  11 39). 
The  femur  may  have  a  third  trochanter  (fig.  1226)  for  the  attach- 
ment of  one  of  the  gluteal  muscles.  The  tibia  and  fibula  are  never 
crossed  at  their  distal  extremity,  but  lie  in  their  primitive  parallel 
position;  the  tibia,  or  preaxial  bone,  being  internal  in  the  usual 
walking  position,  and  the  fibula  external.  The  latter  bone  may  be 
more  or  less  rudimentary,  and  completely  anchylosed  at  one  or  both 


^  Fif .  ii«8Mf.—Thc  left  mde  of  the  pelvis  of  the  Eland  (preas  casma).  One-sixth  natural  size. 
il^  IXxom ;  Uj  Ischium ;  «,  Symphysis  of  do. ;  a,  Epiphysis  on  symphysu  of  ischium  and  pubb ; 
/^,  Pobis ;  ob.  Obturator  foramen. 

extremities  to  the  tibia.  The  patella  is  present  in  all  except  some 
Metatheria.  If  the  pes  (fig.  1129)  be  compared  with  the  typical 
tarsus  mentioned  on  p.  907,  it  will  be  found  that  the  fibulare  is 
represented  by  the  calcaneum,  which  may  also  contain  an  element 
corresponding  to  the  pisiform  of  the  manus ;  the  astragalus  has 
been  usually  regarded  as  the  coalesced  tibiale  and  intermedium, 
but  is  thought  by  Dr  Baur  to  correspond  solely  to  the  latter; 
the  ento-,  meso-,  and  ectocuneiform  represent  the  ist,  2d,  and  3d 
tarsalia ;  while  the  4th  and  5  th  tarsalia  have  coalesced  to  form  the 
cuboids.  The  centrale  persists  as  the  navicular,  which  may  unite 
with  the  cuboid.^  Other  modifications  occur  analogous  to  those 
in  the  carpus ;  but  in  no  instance,  as  already  observed,  is  the  joint 
between  the  leg  and  the  pes  formed  on  the  line  between  the  proxi- 
mal and  distal  rows  of  the  tarsus.     The  metatarsals  and  phalan- 

^  Dr  Budeleben  has  pointed  out  to  the  writer  that  in  Cryptofrocta  there  may  be 
a  seocnd  oentiale,  which  usoally  coalesces  with  the  ectocuneiiorm. 

VOL.  II.  2  A 


Digitized  by  LjOOQ  IC 


I2S6 


CLASS  MAMMALIA. 


Cul^- 


geals  repeat  the  characters  of  the  homologous  bones  of  the  manus, 
although  they  deviate  in  a  lesser  degree  from  a  common  type. 
In  the  Cetacea  and  Sirenia  the  pes  is  entirely  absent ;  although  the 
proximal  portions  of  the  pelvic  limb  may  be  detected  in  an  aborted 
form  in  many  genera. 

We  may  now  take  a  brief  glance  at  the  general  distribution  in 
time  of  the  Mammalia,  in  the  course  of  which  we  shall  have  to  fore- 
stall some  of  the  information  given  in  the  sequel 

If  the  theory  of  evolution  be  the  true  explanation  of  the  order 
of  nature  we  should  expect  to  find  that  the  earliest  representatives 

of  the  class  would  be  small  forms, 
more  or  less  closely  related  to  one 
another,  not  numerous  in  generic  types, 
and  allied  to  those  orders  which  now 
comprise  the  most  generalised  repre- 
sentatives of  the  class.  Our  knowledge 
of  these  earlier  types  is  indeed  exceed- 
ingly imperfect,  but  so  far  as  it  goes  it 
appears  to  accord  fairly  well  with  the 
foregoing  conditions;  all  the  earlier 
forms  being  of  small  size,  and  appar- 
ently more  or  less  closely  allied  to  the 
existing  Marsupials,  and  probably  also 
to  the  Monotremes  and  perhaps  the 
Insectivores.  The  earliest  evidence  of 
the  occurrence  of  Mammals  yet  known 
is  in  the  upper  portion  of  the  Triassic 
system,  which  forms  the  base  of  the 
great  Mesozoic  period.  Of  the  two 
known  genera  from  these  deposits  the 
larger  type,  termed  Dromatherium^  ex- 
hibits some  curious  approximations  in  the  structure  of  its  teeth  to 
Reptiles  and  Amphibians,  and  it  is  possible  that  we  may  have  in 
this  form  an  ancestral  type  of  the  Prototheria.  In  the  Lower 
Jurassic,  immediately  above  the  Lias,  remains  of  small  Mammals 
become  more  common,  and  in  the  Upper  Jurassic  they  are  locally 
abundant,  although  they  comprise  comparatively  few  generic  types. 
These  Jurassic  Mammals  are  readily  divisible  into  two  groups,  distin- 
guished by  the  characters  of  their  teeth.  Of  the  first  group  an  ex- 
ample of  the  lower  jaw  is  shown  in  fig.  1141,  p.  1274,  where  it  will 
be  seen  that  the  teeth  are  very  numerous,  the  hinder  ones  having 
several  sharp  cusps  on  the  crowns.  Although  there  has  been  much 
discussion  as  to  the  affinities  of  these  small  Mammals,  it  is  probable 
that  they  are  really  Marsupials  of  the  suborder  Polyprotodontia, 
with  a  relationship  to  the  Australian  Anteater  {Myrmecobius),  which, 


^  Fig.  XI 29. — Dorsal  aspect  of  the 
right  pes  of  Man.  Reduced.  Ca^ 
Calcaneum  (fibulare  +  ?  pisiform); 
As^  Astragalus  (intermedium) ;  c, 
Navicular  (centrale) :  C«,  1-3,  Ento-, 
meso-j  and  ectocuneiform  Ttst,  2d,  3d 
tarsaha^ :  C»3,  Cuboid  (4th,  sth  tar- 
salia) ;  i>v,  Metatarsals.  (After  Wie- 
dersheim.) 
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as  we  shall  see  in  the  sequel,  is  the  only  existing  heterodont 
Mammal  with  more  than  four  true  molars.  In  the  second  group 
the  dentition  is  of  a  very  different  type ;  the  lower  jaw  having  a 
single  pair  of  curved  and  chisel-like  incisors,  separated  by  an 
interval  from  the  cheek-teeth,  which  are  characterised  by  the 
presence  of  one  or  more  longitudinal  grooves.  The  serial  position 
of  this  group,  which  has  been  named  Multituberculata,  is  still 
open  to  doubt,  but  not  improbably  it  may  indicate  an  extinct  order 
of  Prototheria. 

Throughout  the  greater  part  of  the  Cretaceous  period  our  know- 
ledge of  Mammalian  life  is  a  blank,  doubtless  owing  to  the  circum- 
stance that  the  greater  portion  of  the  Cretaceous  beds,  such  as  the 
Chalk,  is  of  purely  marine  origin ;  but  evidence  has  recently  been 
obtained  of  the  existence  of  a  Mammalian  fauna  in  the  topmost 
Cretaceous  of  North  America  allied  to  that  of  the  Jurassic. 

With  the  dawn  of  the  Tertiary  period,  which  may  be  regarded  as 
the  first  commencement  of  the  present  order  of  nature,  we  meet, 
however,  with  an  abundant  Mammalian  fauna,  containing  repre- 
sentatives of  nearly  all  the  existing  orders,  but  also  including  several 
subordinal  types  now  totally  passed  away,  some  of  which  are  of 
extreme  interest  to  the  zoologist  as  connecting  together  more 
or  less  completely  groups  which  are  now  widely  separated.  In 
the  Eocene  we  are  indebted  to  the  palaeontologists  of  the  New 
World  for  most  of  our  knowledge  of  these  primitive  connecting 
links ;  but  we  can  only  afford  space  to  notice  very  briefly  some  of 
the  more  interesting  groups. 

Of  Carnivorous  types  there  is  a  group  of  Eocene  genera  known 
as  the  Creodonta,  remarkable,  among  other  features,  for  their 
generalised  dentition,  which  has  resemblances  to  that  of  the  Poly- 
protodont  Marsupialia  and  Insectivora,  and  also  to  that  of  the 
modem  Camivora,  of  which  these  forms  were  probably  the  ances- 
tors. We  thus  have  indications  how  the  Camivora  of  the  present 
day  may  have  been  gradually  evolved  from  a  Marsupial  type  by 
means  of  forms  more  or  less  nearly  related  to  the  Insectivora  of 
the  present  epoch.  In  another  direction  the  Eocene  has  afforded 
evidence  of  a  transition  from  the  Insectivorous  type  towards  that 
of  the  Lemuroid  Primates,  and  we  may  thus  readily  conceive  how 
the  higher  members  of  the  latter  order  may  likewise  trace  back 
their  origin  to  the  same  primitive  stock. 

At  the  present  day  no  orders  of  Mammals  appear  more  sharply 
defined  from  one  another  than  the  Carnivores  and  the  Ungulates. 
In  the  Eocene,  however,  we  meet  with  a  group  of  primitive  Un- 
gulates, known  as  the  Condylarthra,  presenting  such  remarkable 
resemblances  to  the  primitive  Carnivores,  that  we  are  led  to  the 
conclusion  that  the  Ungulates  are  probably  another  branch  derived 
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from  this  same  prolific  stock.  From  this  Condylarthrous  suborder 
we  have  abundant  evidence  that  the  two  existing  suborders  of  the 
Artiodactyla  and  Perissodactyla,  now  so  sharply  distinguished,  have 
both  taken  their  origin;  and  perhaps  the  Hyracoidea  may  also 
trace  their  derivation  from  this  group.  Another  extinct  Eocene 
suborder  of  Ungulates,  comprising  the  Cor3rphodons  of  Europe  and 
America,  and  the  huge  and  uncouth  Dinocerata  of  the  United 
States,  tends  to  show  a  connection  between  the  Perissodactyla  and 
Proboscidea,  which  till  recently  were  referred  to  distinct  orders. 

All  living  Ungulates,  as  we  shall  subsequendy  mention,  are  dis- 
tinguished by  the  total  absence  of  clavicles,  but  in  the  remarkable 
jypotherium^  of  the  Pleistocene  of  South  America,  these  bones  were 
retained.  In  its  dentition,  moreover,  that  genus  shows  features 
now  peculiar  to  the  Rodents ;  and  by  its  help,  together  with  the 
evidence  afforded  by  an  Eocene  group  known  as  the  Tillodonts, 
we  can  dimly  see  how  the  Rodents  may  have  been  connected  with 
the  ancestors  of  both  the  Ungulates  and  the  Carnivores. 

Having  seen  from  these  brief  notices  how  intimate  appears  to 
have  been  the  relationship  between  the  chief  terrestrial  orders  of 
Mammals  in  the  Lower  Eocene,  we  may  glance  at  the  evidence 
afforded  by  the  Mammals  of  the  Eocene  as  to  the  connection 
between  some  of  the  families  of  these  orders.  Among  the  Car- 
nivora,  no  two  families  are  better  distinguished  than  the  Dogs,  or 
Canida,  with  their  triangular  upper  molars  and  digitigrade  feet, 
and  the  Bears,  or  Ursida^  in  which  the  upper  molars  are  rhom- 
boidal  and  the  feet  are  plantigrade.  In  the  Eocene,  however,  we 
have  Amphicyofiy  with  the  teeth  of  a  Dog  and  the  limbs  of  a  Bear ; 
and  in  the  later  Tertiary  the  Bear-like  HyanarctuSy  of  which  the 
dentition  retains  many  Dog-like  features.  So  perfect,  indeed,  is 
the  transition  between  Dogs  and  Bears,  that  it  seems  convenient  to 
include  both  groups  in  a  single  family.  Again,  in  another  direction, 
the  Dogs  of  the  Eocene  seem  to  pass  imperceptibly  into  the  Civets 
{Viverrida)  through  CynodicHs ;  while  it  is  almost  impossible  to 
distinguish  the  Civets  from  the  Hyaenas  on  the  one  hand,  and  the 
Cats  {Felida)  on  the  other.  Still  more  remarkable  is  the  apparent 
connection  in  the  Eocene  of  the  Civets  with  the  Weasels  {Mus- 
telid(B\  since  these  two  families  are  widely  sundered  at  the  pres- 
ent day. 

Turning  to  the  Ungulates,  at  the  present  day  the  Artiodactylate 
suborder  can  be  readily  divided  into  four  sections — viz.,  the  Pigs, 
or  Suina ;  the  Camels,  or  Tylopoda ;  the  Chevrotains,  or  Tragulina ; 
and  the  Cattle  and  Deer,  or  Pecora.  When,  however,  we  go  back 
to  the  early  Tertiary,  we  find  a  complete  transition  from  the  Suma 
to  the  Pecora;  while  it  is  almost  impossible  to  distinguish  Deer 
fi'om  Chevrotains ;  and  the  early  Camels  exhibit  signs  of  dose 
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connection  with  the  other  families.  Similarly,  at  the  same  period 
the  Pigs  of  the  Old  World  appear  to  be  inseparable  from  the 
Peccaries  of  the  New ;  while  the  Giraffes  were  probably  as  closely 
connected  with  the  Antelopes  on  the  one  hand,  and  the  Deer  on 
the  other.  Again,  in  the  Perissodactylate  suborder  Tapir-like  forms 
appear  to  have  passed  into  Rhinoceroses  on  the  one  hand,  and  into 
the  Horses  on  the  other. 

Many  other  equally  striking  instances  could  be  cited  of  the 
mutual  connection  of  the  Eocene  Mammals  with  one  another ;  but 
enough  has  been  stated  to  show  that  the  present  sharply  defined 
distinction  of  the  orders  and  families  into  which  we  find  it  con- 
venient to  divide  the  class  is,  so  to  speak,  but  a  feature  of 
to-day. 

In  the  Lower  Eocene  all  the  genera  of  Mammals  appear  to  be 
extinct ;  but  in  the  Upper  division  of  the  same  period,  which  is 
frequendy  termed  the  Lower  Oligocene,  we  meet  with  a  few  existing 
genera,  such  as  Didelphys^  Rhinoceros^  Vtverra,  Mustela  (Weasel), 
and  perhaps  Canis,  In  the  succeeding  period,  or  Miocene,  existing 
genera  become  more  common ;  thus  in  the  Lower  and  Middle  divi- 
sions of  that  period  we  meet  with  Otters  {Lutra\  Rhinoceros^  Tapirs 
{Tapirus\  and  Gibbons  {Hylobates).  The  middle  division  of  the 
Miocene  is,  indeed,  noteworthy  for  the  appearance  of  Anthropoid 
Apes  and  the  Proboscidea,  or  Elephants  and  Mastodons.  Deer  of 
extinct  genera  are  abundant ;  but  these  were  either  devoid  of  antlers, 
or,  if  these  appendages  were  present,  they  were  small  and  simple. 
The  teeth  of  the  Ruminant  Ungulates  (Deer  and  Cattle)  were, 
moreover,  low-crowned  or  brachydont  (fig.  12 13),  and  the  Rhino- 
ceroses had  in  most  cases  not  yet  developed  homs. 

With  the  commencement  of  the  Pliocene  period  the  Mammalian 
fauna  assumes  a  much  more  modem  appearance.  Thus  we  have 
Porcupines  (Hystrix\  Hyaenas,  large  Tiger-like  Cats  {Felis\  numer- 
ous Antelopes,  Giraffes,  Deer  {Cervus)y  and  Horse-like  animals 
{Hipparion)  \  while  in  India  true  Elephants  (Elephas)  had  made 
their  appearance.  There  was  still,  however,  a  large  number  of 
extinct  genera.  By  this  time  many  of  the  Deer  had  acquired 
complicated  antlers ;  many  of  the  Ruminants  had  tall-crowned  or 
hypsodont  teeth ;  the  Rhinoceroses  had  homs ;  and  the  Pigs  had 
developed  large  tusks  in  the  males.  In  India  during  some  portion 
of  the  Pliocene,  not  only  Elephants,  but  tme  Horses  (Equus\ 
Hippopotami,  Wolves,  Bears  {Ursus\  and  Oxen  {Bos^  had  already 
made  their  appearance ;  but  in  Europe  these  genera  are  unknown 
before  the  top  of  the  Pliocene,  when  we  first  meet  with  remains  of 
a  few  existing  species,  such  as  the  African  Hippopotamus  and  the 
Striped  Hyaena. 

In  the  succeeding  Pleistocene  period,  which  may  in  reality  be 
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regarded  merely  as  the  commencement  of  the  epoch  in  which  we 
are  now  living,  the  greater  number  of  the  Mammals  of  Europe 
belong  to  existing  genera,  and  a  considerable  proportion  of  these  to 
living  species.  The  fauna  of  Europe  in  the  early  part  of  this  period 
included,  however,  a  large  number  of  Mammals  belonging  to  genera 
or  species  now  confined  to  the  warmer  regions  of  the  globe,  such 
as  Rhinoceroses,  Hippopotami,  Elephants,  Lions,  Hyaenas,  &c; 
and  it  was  not  till  after  the  great  cold  of  the  glacial  period  that 
these  generic  types  were  finally  swept  away  from  the  European 
area.  In  many  other  parts  of  the  World  the  Pleistocene  period 
was  equally  prolific  in  large  forms  of  Mammalian  life,  more  or  less 
closely  allied  to  those  now  inhabiting  the  same  areas,  of  which  we 
have  remarkable  instances  in  the  extinct  Edentates  of  South  America 
and  the  Marsupials  of  Australia,  many  of  which  vastly  exceeded  in 
size  their  living  relatives.  Science  has,  indeed,  yet  to  account  satis- 
factorily for  the  disappearance  of  this  exuberant  life,  and  the  conse- 
quently impoverished  fauna  among  which  we  now  dwell. 

In  regard  to  the  Mammals  of  the  Eocene,  we  have  already  re^ 
marked  that  they  are  frequently  of  a  more  generalised  type  than 
those  now  existing,  and  in  many  groups  a  well-marked  progressive 
specialisation  can  be  traced  as  we  approach  the  existing  epoch. 
Thus  many  of  the  Eocene  Mammals  possess  the  full  Eutherian 
complement  of  forty-four  teeth,  which  in  the  Ungulates  were  more 
uniform  in  size,  less  conspicuously  differentiated  into  groups,  and 
more  approximated  to  one  another  than  in  recent  forms.  In  the 
older  Ungulates,  moreover,  the  crowns  of  the  cheek-teeth  were  re- 
latively short ;  and  we  can  trace  a  gradual  increase  in  the  height  of 
the  crowns  as  we  advance  in  time,  this  increase  affording  a  greater 
cai>acity  to  withstand  wear,  and  thus  indicating  a  greater  length  of 
life  in  the  individual.  In  other  instances  we  may  observe  a  gradual 
reduction  in  the  lateral  digits  of  the  typical  pentedactylate  limb, 
accompanied  by  a  progressive  elongation  and  strengthening  of  one 
or  more  of  the  remaining  digits.  Again,  it  has  been  shown  that 
there  has  been  a  gradual  increase  in  the  relative  size  and  the  com- 
plexity of  the  brain  as  we  approach  the  present  day.  Thus  the 
Eocene  Mammals,  as  a  rule,  had  very  small  brains,  in  which  the 
hemispheres  left  the  cerebellum  nearly  uncovered,  and  were  them- 
selves nearly  smooth,  or  but  slightly  convoluted ;  while  in  the  higher 
forms  the  hemispheres  spread  backwards  over  the  cerebellum,  and 
are  often  marked  by  most  complex  convolutions.  In  some  Eocene 
Ungulates  the  brain  was  so  small  that  it  could  pass  through  the 
neural  canal  of  the  lumbar  vertebrae. 

Finally,  it  should  be  observed  that  we  may  trace  a  gradual  evolu- 
tion of  local  faunas.  In  the  Eocene  of  any  given  region  we  find 
the  Mammals  differing  widely  in  generic  types  from  those  now  in- 
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habiting  that  area,  yet  as  we  ascend  in  the  geological  scale  we  trace 
a  gradual  approximation  to  the  existing  fauna ;  and  in  the  Pleisto- 
cene we  find  the  characteristic  features  of  such  fauna  distinctly 
marked  out,  although  many  of  the  generic  types,  especially  those 
including  forms  of  large  corporeal  bulk,  may  be  different.  Ex- 
amples of  these  features  are  afforded  by  the  Marsupials  of  the 
Pleistocene  of  Australia,  and  the  numerous  Edentates  of  the  same 
period  in  South  America ;  although  it  is  practically  certain  that  in 
the  former  case  the  fauna  has  always  been  Marsupial,  and  therefore 
more  or  less  closely  related  to  the  present  one.  That  many  of  the 
existing  Mammalian  faunas  now  characteristic  of  particular  regions 
were  not  thus  circumscribed  till  a  late  period  is,  however,  shown  by 
the  occurrence  of  Baboons,  Hippopotami,  Giraffes,  and  African 
types  of  Antelopes  in  the  Pliocene  and  Pleistocene  of  India  and 
parts  of  Europe ;  and  equally  by  the  Mammals  of  the  Pleistocene 
of  India  being  in  many  cases  specifically  identical  with  those  of 
Africa,  while  the  number  of  common  species  is  now  very  few  indeed. 
Again,  many  forms  like  the  Rhinoceroses  and  Horses,  which  are 
now  exclusively  Old  World  types,  formerly  wandered  over  the  plains 
of  America,  and  thus  point  to  a  more  uniform  distribution  of  types 
than  now  exists.  There  are,  however,  indications  of  certain  groups 
of  Mammals  having  always  been  restricted  to  one  hemisphere. 
Thus  we  have  no  evidence  of  the  existence  of  Apes,  Hyaenas,  or 
Civets  at  any  epoch  in  the  New  World ;  and  neither  are  there  any 
traces  of  the  Dinocerata  or  Titanotheriida  in  the  Old  World. 

It  was  considered  probable  some  years  ago  that  the  Mammalia 
were  directly  descended  from  some  primitive  Amphibian  types,  and 
that  they  stood  altogether  apart  from  the  Reptiles.  The  striking 
resemblance  of  the  pectoral  girdle  of  the  oviparous  Monotremes  to 
that  of  many  Reptiles,  and  more  especially  the  Anomodonts,  to- 
gether with  the  remarkable  approximation  to  a  low  Mammalian 
type  presented  by  the  skeleton  of  the  latter,  renders  it,  however, 
more  probable  that  Mammals  are  a  divergent  branch  of  the  same 
Amphibian  stock  which  gave  origin  to  the  last-mentioned  group, 
if  indeed  they  be  not  the  direct  descendants  of  the  earlier  forms 
of  that  group.  Dr  Baur,  who  considers  that  Mammals  were  de- 
veloped from  true  Reptiles  allied  to  the  primitive  Rhynchocephalia 
and  Sauropterygia,  has  proposed  that  these  early  hypothetical  forms 
should  be  termed  Sauromammalia.  Professor  Mivart  has,  indeed, 
suggested  that  Mammals  may  have  had  a  dual  origin;  and  that 
while  the  Monotremes  may  have  been  derived  at  a  comparatively 
late  date  from  the  Anomodonts  or  kindred  types,  the  Marsupials 
may  have  originated  at  an  earlier  epoch  from  a  totally  distinct  and 
perhaps  Amphibian  stock.  Many  objections  have,  however,  been 
raised  against  this  view ;  and  Mr  Poulton  expresses  his  opinion  that 
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"whether  the  Monotremes  are  the  descendants  of  the  ancestral 
Mammalia  or  not,  it  is  quite  certain  that  the  higher  Mammals  must 
at  one  time  have  passed  through  a  condition  such  as  now  exists  in 
the  Monotremes,  in  nearly  all  parts  of  their  organisation  ;  and  many 
powerful  arguments  can  be  brought  against  the  assumption  that  the 
same  stage  has  been  reached  independently,  and  at  widely  separated 
periods,  in  the  course  of  evolution."  ^ 

In  the  following  chapters  are  given  the  leading  palaeontological 
characters  of  each  order  of  the  class,  with  the  range  in  time  of  the 
different  groups,  and  the  names  of  the  more  important  genera.  The 
number  of  genera  is,  however,  so  great  that  only  a  very  brief  and 
general  sketch  of  their  characters  and  affinities  can  be  given ;  special 
attention  being  drawn,  where  it  may  seem  necessary,  to  those  extinct 
types  which  are  of  more  than  ordinary  interest  from  an  evolutionary 
point  of  view. 

^  The  opinion  has  been  recently  expressed  by  some  Continental  writers  that  the 
Cetacea  are  the  most  archaic  type  of  Mammals,  and  that  they  have  been  directly 
derived  from  the  Ichthyopterygian  Reptiles.  There  is,  however,  so  much  evi- 
dence against  this  view  that  it  may  be  considered  as  practically  disproved. 
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CHAPTER    LIX. 

CLASS   MAMMALIA— continued. 

Orders  Monotremata  and  Marsupialia. 

Subclass  L  Prototheria. — ^This  subclass,  now  represented  by 
only  two  genera,  may  be  characterised  as  follows.  The  brain  has 
a  large  anterior  commissure,  and  a  very  small  corpus  callosum ;  ^ 
while  the  auditory  ossicles  are  simple,  and  the  stapes  is  rod-like 
(columelliform).  The  coracoid  is  a  distinct,  although  small,  bone, 
anchylosing  in  the  adult  to  the  scapula,  and  articulating  with  the 
sternum ;  while  there  is  a  separate  precoracoid  (epicoracoid),  which 
does  not  articulate  with. the  scapula,  and  also  a  large  T-shaped  inter- 
davicle ;  the  form  and  relations  of  these  bones  being  very  like  those 
of  the  corresponding  parts  of  the  skeleton  in  the  Anomodont  Rep- 
tiles, The  pelvis  has  epipubic  bones,  and  the  ilia  are  inclined  to 
the  sacral  axis  after  the  Batrachian  fashion ;  thus  resembling  those 
of  the  Pariasaurian  Anomodonts.  The  urinogenital  and  excretory 
organs  open  into  a  common  outlet,  or  cloaca ;  and  the  former  are 
very  similar  to  those  of  the  Sauropsida ;  the  mammary  glands  are 
unprovided  with  nipples,  and  the  reproduction  is  oviparous;  the 
eggs  being  meroblastic  like  those  of  Birds. 

It  may  here  be  observed  that  the  small  bone  in  the  pectoral  girdle  of 
the  Monotremes  placed  in  advance  of  the  coracoid,  which  is  usually 
termed  the  epicoracoid,  appears  to  correspond  with  the  precoracoid  of 
the  Anomodont  Reptiles  *  (fig.  978  bis^  p.  1054),  although  it  does  not  ex- 
tend upwards  to  articulate  with  the  acromial  process  of  the  scapula,  as 
the  Anomodont  precoracoid  articulates  with  the  process  of  the  scapula 
identified  by  Sir  R  Owen  with  the  acromion.'  Further,  the  scapula  of 
the  Monotremes  differs  from  that  of  all  other  Mammals,  and  resembles 


^  The  stroctare  connecting  the  two  hemispheres  of  the  brain. 

*  This  appears  to  be  the  view  taken  by  Professor  Cope. 

'This  is  the  original  view.  In  describing  the  scapula  of  Plaiypodosaurus^ 
Sir  K.  Owen  confused  the  process  situated  above  a  in  fig.  978  bis  with  that 
BBiked  a,  and  termed  the  former  the  acromion. 
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that  of  Reptiles  in  that  the  acromion  is  situated  on  the  anterior  or  pre- 
axial  border,  which  in  the  higher  Mammals  has  become  twisted  round 
to  the  dorsal  surface  to  form  the  spine  of  the  scapula.  The  scapula  of 
some  of  the  Anomodont  Reptiles  appears  to  indicate  how  this  torsion  of 
the  preaxial  axial  to  form  a  ridge  on  the  dorsal  surface  has  taken  place. 

At  the  close  of  the  preceding  chapter  reference  has  been  made  to 
the  relationship  of  the  Prototheria,  or  rather  of  its  existing  repre- 
sentatives the  Monotremata,  to  Reptiles  and  Amphibia.  The  struc- 
ture of  the  pectoral  and  pelvic  girdles  presents,  indeed,  so  many 
striking  resemblances  to  the  same  parts  of  the  skeleton  in  the 
Labyrinthodont  Amphibia  and  Anomodont  Reptiles,  as  to  indicate, 
as  already  mentioned,  a  distinct  genetic  connection  between  the 
three  groups ;  the  characters  of  the  humerus  apparently  indicating 


Fie.  1 1 30.— A,  Lateral  view  of  skull  of  Echidna;  b.  Do.  of  Omithai^yfuhus  :  c,  Oral  view  of 
manoible  of  do. ;  d,  Sternal  region  of  do.  c,  Clavicle ;  i ,  Interclavicle ;  >,  Prestemtim ;  mtj  Meso- 
stemum ;  r,  Ribs ;  xr.  Sternal  ribR  ;  sV,  Intermediate  ribs ;  m,  Comules.  Reduced,  (d  after 
Flower ;  the  others  alter  Giebel.) 


that  the  nearest  relationship  is  with  the  Anomodonts.  The  de- 
ciduous teeth  of  Ornithorhynchus  indicate,  moreover,  without  any 
doubt  that  the  ancestors  of  the  Monotremes  were  provided  with 
persistent  teeth,  which  were  probably  monophyodont  More- 
over, a  distant  resemblance  between  these  deciduous  teeth  and 
the  cheek-teeth  of  the  extinct  group,  mentioned  below  under  the 
name  of  Multituberculata,  suggests  that  these  forms  may  themselves 
be  Prototheria.  If  this  should  prove  to  be  the  case,  it  would  then 
be  apparent  that  that  branch  of  the  subclass  could  not  have  been 
the  ancestral  stock  of  the  Marsupials;  and  we  shall  accordingly 
have  to  look  for  another  group  or  order  of  Prototheria,  with  a 
dentition  akin  to  that  of  the  Polyprotodont  Marsupials.      It  is, 
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indeed,  quite  within  the  bounds  of  probability  that  the  family 
Dromatheriida  mentioned  under  the  head  of  the  latter  group 
may  prove  to  be  Prototherians.  And  in  any  case  it  is  quite 
evident  that  the  two  existing  genera  of  Monotremes  can  in  no 
way  be  looked  upon  as  actual  ancestral  types. 

Order  i.  Monotremata. — As  already  mentioned,  both  the 
existing  genera  of  Prototherians  are  included  in  this  order,  which 
may  be  provisionally  characterised  by  the  production  of  the  cranium 
into  a  more  or  less  elongated  rostrum  supporting  a  homy  beak ;  by 
the  absence  of  teeth  in  the  fully  adult  animal ;  the  smoothness  of 
the  brain-case ;  and  the  absence  of  an  auditory  bulla.  The  humerus 
is  greatly  expanded,  and  has  an  entepicondylar  foramen  \  its  whole 
contour  approximating  to  the  corresponding  bone  of  the  Anomodont 
Reptiles  (fig.  982). 

Family  ORNiXHORHYNCHiDiE. — In  this  family  the  cerebral  hemi- 
spheres are  smooth  ;  the  extremity  of  the  muzzle  is  produced  into  a 


Fig.  1 131. — Omithcrkynckus  paradoxus^  Australia.    Reduced. 

broad  beak-like  expansion  (fig.  1131);  teeth  are  present  in  the 
young,  and  are  succeeded  by  horny  plates  or  cornules  (fig.  1 130,  b, 
c) ;  and  the  skin  is  covered  with  hair.     The  feet  are  webbed.    This 
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family  is  represented  solely  by  the  genus  Omithorhynchus  (fig.  1 131), 
of  which  a  single  species  inhabits  the  Australian  rivers,  in  the  banks 
of  which  its  burrows  are  constructed.  According  to  the  observa- 
tions of  Mr  O.  Thomas,  it  appears  that  there  are  usually  two  teeth 
on  either  side  of  the  upper  and  three  in  the  lower  jaw,  which  persist 
till  the  animal  is  somewhat  more  than  one-third  grown.  These  teeth 
have  at  first  small  but  distinct  roots,  and  present  a  distant  resem- 
blance to  the  true  molars  of  some  of  the  Multituberculata,  like 
Microlestes ;  one  of  their  longitudinal  walls,  or  ridges,  carrying  a 
number  of  minute  cusps.  It  appears  that  the  comules  grow  up  be- 
neath and  around  these  teeth,  which  are  gradually  worn  away,  and 
finally  shed  like  the  milk-molars  of  other  Mammals ;  the  hollows  in 
the  comules  being  the  remnants  of  the  original  alveoli. 

Family  EcHiDNiDiE. — The  second  family  is  characterised  by  the 
convoluted  cerebral  hemispheres ;  the  production  of  the  muzzle  into 
a  long  tube-like  beak  (^%,  1130,  a);  the  slendemess  of  the  man- 
dible ;  the  total  absence  of  teeth ;  and  the  presence  of  stout  spines 
mingled  with  the  fur.  Further,  the  feet  are  very  strong,  and  adapted 
for  digging,  and  the  centre  of  the  acetabulum  is  imperfectly  ossified. 
There  are  two  living  species  found  in  Australia  and  New  Guinea, 
both  of  which,  at  least  for  palasontological  purposes,  maybe  included 
in.  the  genus  Echidna^  although  the  large  E,  Bruijnii,  of  New  Guinea, 
is  frequently  separated  under  the  name  of  Froechidna.  Remains 
of  a  large  species  considerably  exceeding  the  latter  in  size  have  been 
obtained  from  the  Pleistocene  of  New  South  Wales. 

Group  Multituberculata. — In  this  place  it  will  be  convenient 
to  notice  a  group  of  very  imperfectly  known  Mesozoic  and  early 
Tertiary  Mammals  which  were  formerly  regarded  as  Diprotodont 
Marsupials  allied  to  Thylacoleo^  but  which  differ  in  several  respects 
from  that  group,  and  may  perhaps  eventually  prove  to  be  members 
of  the  subclass  Prototheria,  Although  these  peculiar  forms  re- 
semble the  Diprotodonts  in  having  a  single  pair  of  lower  indsors 
like  those  of  Rodents,  while  many  of  them  also  approximate  to 
certain  members  of  the  same  group  in  having  a  secant  and  grooved 
fourth  premolar ;  yet  they  differ  in  that  it  is  the  second  in  place  of 
the  first  upper  incisor  which  becomes  enlarged  and  opposed  to 
the  incisor  of  the  lower  jaw ;  while  when  the  fourth  lower  premolar 
is  secant  the  summit  of  its  crown  is  extremely  convex  instead  of 
more  or  less  concave.  The  true  molars,  as  already  mentioned, 
appear  to  approximate  in  general  structure  to  the  deciduous  cheek- 
teeth of  Omithorhynchus^  and  are  quite  unlike  those  of  any  recent 
Marsupials.  Till,  however,  the  structure  of  the  pectoral  girdle  be 
known  the  serial  position  of  these  forms  cannot  be  definitely  deter- 
mined. And  it  may  be  observed,  that  the  humerus  of  the  limb 
which  may  be  referable  to  Tritylodon  is  unlike  that  of  the  Mono- 


Digitized  by  LjOOQ  IC 


ORDER  MONOTREMATA. 


1267 


tremata,  so  that  if  these  fonns  be  Prototheria  they  probably  indi- 
cate a  distinct  specialised  order  of  that  subclass. 

In  addition  to  the  features  mentioned  above,  this  group  is  charac- 
terised by  the  true  molars  (fig.  1136)  carrying  longitudinal  rows  of 
tubercles,  separated  by  one  or  more  grooves,  and  also  by  the  ab- 
sence of  a  pit  or  perforation  in  the  masseteric  form  of  the  mandible. 

Family  PLAGiAULACiDiE. — In  the  Plagiaulacida  the  premolars, 
which  vary  in  number  from  one  to  four  in  the  mandible  (figs.  1132- 


Fig.  1 133. — A,  Outer  view  of  the  right  ramus  of  the  mandible  of  Piagiaulax  minor;  four 
times  natural  size,  b.  Fourth  lower  premolar  of  P.  BeckUsi ;  five  and  a  half  times  natural  size. 
From  the  Purbeck  of  Dorsetshire.     (After  Owen.) 


1 1 38),  are  always  of  a  secant  nature,  and  are  usually  marked  by  a 
series  of  oblique  lateral  grooves  (fig.  1132);  while  the  true  molars 
are  small  and  reduced  to  two  in  number.  In  the  type  genus  Fla- 
giauiax  of  the  Purbeck  (Upper  Jurassic)  of  Dorsetshire,  there  may 
be  either  four  (fig.  1132),  or  three  lower  premolars  ;  Professor  Cope 
regarding  the  latter  va- 
riation as  indicating  a 
distinct  genus,  for  which 
he  has  proposed  the 
name  Plioprion.  The 
upper  teeth  are  unknown. 
Cknacodon  (fig.  1133), 
from  the  Upper  Jurassic 
of  North  America,  is  a 
closely  allied  but  per- 
hapsless  specialised  type, 
with  four  lower  premo- 
lars, which  are  much 
worn  in  the  figured  speci- 

mea  In  the  upper  jaw  the  anterior  premolars  are  like  those  of 
Bolodon,  The  figure  shows  the  relatively  low  position  of  the  con- 
dyle of  the  mandible  in  this  family ; — a  feature  shared  with  the 
Pleistocene  Thylacoleo,  among  the  Marsupials.  From  the  Lowest 
Eocene,  both  of  France  and  North  America,  we  have  the  more 
specialised  genus  Neoplagiauiax  (fig.  1 1 34),  in  which  only  the  fourth 
premolar  remains  in  the  mandible.  The  Puerco  Eocene  of  North 
America  has  also  yielded  Ptilodus  (fig.  1135),  characterised  by  the 


Fig.  11^3. — Outer  aspect  of  the  right  ramus  of  the  man> 
dible  of  Ctenacodon  serratus ;  from  the  Upper  Jurassic  of 
North  America.  Upper  fi^re,  natural  size  ;  lower,  four 
times  natural  size,  a,  Incisor;  3,  Condyle;  c,  Coronoid 
process.    (After  Marsh.) 
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presence  of  a  minute  third  Ipwer  premolar.  Liotomus  of  the  French 
Eocene  differs  from  all  the  others  by  its  smooth  fourth  premolar. 
Memscdessusjrom  the  uppermost  or  Laramie  Cretaceous  of  the  United 


Fig.  1 1^4. dinner  view  of  the  left  ramus  of  the  mandihle  of  Neo^lagiaulax  tocamus  ;  from  the 
Lower  Eocene  of  Rheims.    The  line  indicates  the  true  sue.    (After  Lemoine.) 


States,  is  a  somewhat  larger  form  which  may  probably  be  included  in 
this  family.  It  was  first  made  known  by  an  upper  true  molar,  but 
secant  premolars  from  the  same  deposits  subsequently  described 

under  the  name  of  Halodotiy  together 
with  other  teeth  figured  under  the  names 
of  Tripriadan^  Diprodiofty  and  Seienac- 
odon,  are  probably  all  referable  to  Men- 
iscikssus.  Another  form  from  the  Lara- 
mie Cretaceous  which  may  be  provision- 
^^  ally  known  as  CimoliomySy  appears  to  be 

^^^^B.  h  closely  allied  to  the  Eocene  PtiloduSy  but 

^^^^HLpi^  may  have  affinity  with  Flagiaulax ;  the 

^^^^^^S^  teeth  described  as  Cimoladon  and  Nano- 

^^^^^^^^  mys^  as  well  as  one  of  those  referred  to 

Halodon  appear  inseparable  from  this 
form.  Other  generic  names  have  been 
applied  to  teeth  of  a  more  or  less  closely 
allied  type  from  the  same  deposits. 

Certain  bones  from  the  Laramie  de- 
scribed as  Camptomus  pfobably  belong 
to  this  group,  and  are  noteworthy  as 
showing  a  distinct  coracoid  and  inter- 
clavicle  ;  thus,  if  rightly  referred  and  determined,  clearly  indicating 
the  Prototherian  affinities  of  the  Multituberculata. 

From  the  Tertiaries  of  Patagonia  Dr  Ameghino  has  described 
certain  remains  under  the  generic  names  of  Abderites^  Acdestis^  and 
PalcBothtutes^  which  are  referred  to  this  family,  and  are  apparently 
nearly  related  to  the  European  genera.    The  genus  MicroHothenum 


Fig:.  XI 35. —The  left  ramus  of  the 
mandible  of  Ptilodns  mtdiavus; 
from  the  outer  (a\  inner  (^),  and 
oral  (c)  aspects :  from  the  Puerco 
Eocene  of  New  Mexico.  (After 
Cope.) 
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has  also  been  described  from  the  same  deposits,  and  is  regarded  as 
indicating  a  distinct  family. 

Family  PoLYMASTODONTiDiE. — The  type  genus  Polymastodon 
occurs  in  the  Lowest  Eocene  of  North  America,  and  has  one  pre- 
molar and  two  true  molars.  The  premolar  is  tubercular,  and  the 
upper  true  molars  have  three  longitudinal  ridges,  and  are  elongated 
antero-posteriorly. 

Family  TRiTYLODONTiDiE. — The  genus  Tritylodon  was  first  de- 
scribed from  a  nearly  entire  cranium  found  in  the  Karoo  system  of 
South  Africa,  in  a  horizon  which  is  probably  of  Lower  Mesozoic 
age ;  but  a  tooth  (fig.  1 1 36)  previously 
obtained  from  the  Upper  Trias  of 
Germany,  and  described  under  the 
preoccupied  name  of  TriglyphuSy 
proves  to  belong  to  the  same  genus. 
The  upper  dental  formula  is  /.  2,  C  o, 
Pm.  2,  M.  4.  The  innermost  upper 
incisor  is  large  and  scalpriform,  while 
the  outer  one  is  very  minute.  The 
upper  true  molars  (fig.  11 3  6)  carry 
three  longitudinal  ridges,  and  have  the 
longer  diameter  of  the  crown  directed 
transversely.  The  anterior  portion  of 
the  cranium  is  remarkable  for  its  great     J'^\}}^Z^  ^pp?'  troe  molar  of 

o.  Tntyiodon  Fraast ;  from  the  Upper 

width   and     bluntneSS.        The    Afncan      Trias  of  Strasbourg.    The  two  central 

species  indicates  an  animal  about  the  ot&'S'enYs^*^  th^"5mS!  T<5ro^ 
size  of  a  Rabbit  From  the  same  de-  ;:?iS'raTs^is^t^:A„!;.?ori:;5 
posits  at  the  Cape  has  been  obtained    p<»t«nor  surfaces.   The  position  of  o 

,,,.'^,.  .  e  IS  at  right  angles  to  that  of  the  molars 

a  slab  showmg  the  impression  of  a    in  the  next  figure. 
pectoral  limb  apparently  referable  to  a 

small  Mammal,  which  has  been  described  under  the  name  of  Ther- 
iodesmus.  If,  as  is  probably  the  case,  this  specimen  be  really 
Mammalian,  there  is,  however,  no  reason  why  it  should  not  belong  to 
Tritylodon,  According  to  Professor  Bardeleben  this  limb  has  two 
centralia  in  the  carpus  (as  in  some  Insectivora),  and  a  distinct  pre- 
hallux ;  the  alleged  fusion  of  the  scaphoid  with  the  lunar  being  in- 
correcL  To  the  present  family  may  likewise  be  referred  the  very 
imperfectly  known  Stereognathus^  of  the  Lower  Jurassic  of  Stones- 
field  ;  the  upper  cheek-teeth  of  which  closely  resemble  those  of  Tri- 
tylodon, Finally,  ChiroXy  from  the  Upper  Jurassic  of  North  America, 
^ows  certain  characters  connecting  the  present  with  the  next  family, 
in  which  it  is  provisionally  placed  by  Professor  Osbom. 

Family  BoLODONTiDiE. — Nearly  allied  to  the  preceding  family, 
but  with  the  upper  true  molars  antero-posteriorly  instead  of  trans- 
versely elongated,  and  with  only  two  longitudinal  ridges,  is  the 
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genus  Bolodon^  of  the  Dorsetshire  Purbeck.  In  this  genus  (fig. 
1 137)  there  were  apparently  three  upper  premolars  and  four  true 
molars;  with  probably  three  incisors,  of  which  the  first  is  very 
minute.  Although  of  much  smaller  size,  the  cranium  of  the  type 
species  presents  a  striking  resemblance  to  that  of  the  African  Trityl 


'pmj£ 


Fiff.  1 1 37. — The  right  maxilla  of  BoloeUm  crtusidens;  from  the  Dorsetshire  Purbeck.  mjc, 
Maxilla ;  ^mx.  Premaxilla ;  Jl,  Foramen ;  m.  True  molars ;  >!»,  Premolars ;  t\  Incisors.  Greatly 
enlarged.    (After  Osbom.) 


odon.  Allodon^  from  the  Upper  Jurassic  of  North  America,  is  a 
very  closely  allied,  if  not  identical  form,  in  which  there  were  cer- 
tainly three  upper  incisors,  of  which  the  second  (fig.  1 137)  is  en- 
larged, and  apparently  corresponds  to  the  large  inner  incisor  of 
Tritylodon,  The  genus  Microlestes^  from  the  Upper  Trias  of  Wiir- 
temberg  and  England,  is  only  known  by  de- 
tached molars  (fig.  1138)  closely  resembling 
the  true  molars  of  Flagiaulax,  This  genus 
is  referred  by  Professor  Osbom  to  the  Fla- 
giauladda ;  but  till  it  is  proved  to  have 
trenchant  premolars  it  seems  preferable  to 
place  it  provisionally  in  the  present  family. 
Figure  a  in  the  accompanying  woodcut  gives 
a  side  view  of  the  type  tooth,  which  has  two 
rows  of  tubercles  separated  by  a  longitudinal 
groove ;  the  imperfect  crown  of  another  tooth 
shown  in  ^,  and  provisionally  referred  to  the  same  genus,  is  remark- 
able for  the  resemblance  presented  by  its  two  remaining  tubercles 
to  those  of  the  teeth  of  Ornitharhynchus,  The  name  Hypsiprym- 
nopsis  has  been  applied  to  a  tooth  of  Microiestes,  from  the  English 
Rhsetic. 

Subclass  IL  Metatheria. — ^The  members  of  this  subclass  agree 
with  the  Prototheria  in  the  structure  of  the  brain  and  the  presence 


Fig.  1 1 38. — a,  Lateral  view 
of  a  tooth  of  MicroUstes 
oHtiquus  ;  bt  Part  of  the  crown 
of  a  tooth  on  a  still  more  en 
larged  scale ;  from  the  U] 
Truw  of  Wflrtember-  '' 
Lyell  and  Falconer. 
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Fig.  1139.— Ventral  view  of  the 
symphysis  and  left  half  of  the 
pelyts  of  a  Kangaroo,  m,  Epi* 
pubic  bones.    Reduced. 


of  epipubic  bones  ^  (fig.  1139,  «),  but  differ  in  the  more  specialised 
characters  of  the  auditory  ossicles ;  in  the  reduction  of  the  coracoid 
to  a  mere  process  of  the  scapula,  and  its 
non-articulation  with  the  sternum ;  in  the 
absence  of  an  interclavicle ;  and  in  the  pres- 
ence of  nipples  to  the  mammary  glands. 
In  the  latter  characters  they  agree  with  the 
Eutheria,  from  which  they  are  distinguished 
by  the  presence  of  an  imperfect  cloaca, 
and  by  the  characters  of  the  urinogenital 
oigans,  which  are  in  some  respects  inter- 
mediate between  those  of  the  Eutheria 
and  Prototheria,  The  young,  although 
produced  viviparously,  are  bom  in  an  ex- 
ceedingly imperfect  condition,  and  are 
never  nourished  in  utero  by  an  allantoic 
placenta ;  but  at  an  early  period  are  trans- 
ferred to  the  nipples  of  the  mother,  to 
which  they  adhere  for  a  long  time.  The 
nipples  themselves  are  nearly  always  con- 
c^ed  in  a  fold  of  skin  forming  the  so- 
called  marsupium. 

Teeth  are  invariably  present,  and  are 
divisible  into  the  usual  four  groups.  With  the  exception  of  the 
Phascolamyida^  the  number  of  incisors  in  the  upper  jaw  of  all  exist- 
ing forms  exceeds  that  in  the  mandible.*  The  true  molars  are  very 
generally  four  in  number  on  either  side  of  each  jaw;  and  in  all 
existing  forms  the  number  of  premolars  does  not  exceed  three, 
although  four  (which  may  be  taken  as  the  typical  number)  are 
found  in  several  Mesozoic  genera.  The  most  remarkable  feature 
about  the  dentition  is,  however,  that  it  is  only  the  last  premolar  (the 
fourth  of  the  typical  series)  among  the  whole  number  of  teeth  that 
ever  has  a  milk  predecessor ;  such  predecessor  generally  resembling 
the  true  molars  in  structure.  Some  genera,  like  Fhascolomys,  show, 
however,  no  signs  of  even  this  single  replacement ;  and  it  is  pretty 
dear  that  we  have  here  the  first  commencement  of  a  replacing  series 
of  teeth,  which  in  the  early  Eutheria  must  have  gradually  extended 
anteriorly,  until  it  normally  embraced  all  the  teeth  in  advance  of 
Pm,  4,  with  the  very  general  exception  of  Fm.  i,  although  in  certain 
Perissodactyla  even  that  tooth  had  a  milk  predecessor. 

Another  very  characteristic,  although  not  universal,  feature  in  this 
subclass  is  the  inflection  of  the  angle  of  the  mandible  (fig.  1152) ; 

^  UnossiBed  in  Thylacinus, 

'  The  same  feature  occurs  among  the  Anomodont  Reptiles  in  the  GaUsaurida, 
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and  in  many  genera  the  palatal  region  of  the  cranium  contains 
unossified  vacuities  of  considerable  size. 

Order  IL  Marsupialia. — The  whole  of  the  known  Metatheria 
are  included  in  the  single  order  Marsupialia,  and  it  is  not  at  present 
necessary  to  give  ordinal  characters  as  distinct  from  those  of  the 
subclass.  At  the  present  day  this  order  is  restricted  to  America 
and  the  Australian  region ;  the  greater  number  of  forms  occurring 
in  the  latter  area,  while  only  the  Didelphyida  are  found  in  the  former. 
In  earlier  epochs,  however,  this  order  was  much  more  widely  dis- 
tributed, and  it  apparently  contains  some  of  the  earliest  known 
representatives  of  the  entire  class. 

Marsupials  form  in  some  respects  the  intermediate  stage  between 
the  Prototheria  and  Eutheria,  and  it  is  probable  that  there  will  be 
eventually  found  a  complete  transition  from  the  Polyprotodont  sub- 
order of  this  group  to  unknown  Prototherian  Mammals  with  the 
same  general  type  of  dentition — ^possibly  more  or  less  closely  allied 
to  the  undermentioned  Triassic  family  Dromatheriida. 

Suborder  i.  Polyprotodontia.  —  In  existing  Polyprotodont 
Marsupials,  which  occur  both  in  America  and  the  Australian  region, 
there  are  never  fewer  than  three  lower  and  four  upper  incisors,  and 
there  may  be  five  upper  and  four  lower  teeth  of  this  series.  These 
teeth  are  small  and  subequal,  and  are  followed  by  a  larger  canine 
(fig.  1 1 48).  Normally  there  are  three  premolars,  corresponding  to 
the  first,  third,  and  fourth  of  the  typical  series,  but  the  fourth  may 
be  absent,  Dasyurus  and  Sarcophilus  (fig.  1148).  The  number  of 
true  molars  is  generally  four,  but  in  Myrmecobius  these  teeth  are 

increased  to  \  ;  and  their  crowns  are  nearly  always  characterised  by 
6 

carrying  a  number  of  small,  sharply  pointed  cusps.     In  no  species 

is  there  a  fourth  premolar  of  the  elongated  secant  form  characteristic 

of  many  Diprotodonts.    Several  of  the  Mesozoic  forms  included  in  this 

group  agree  very  closely  with  the  recent  ones,  but  many  of  them  have 

four  premolars,  and  in  some  there  are  as  many  as  seven  true  molars. 

Family  DROMATHERiiDiE. — This  family,  typically  represented  by 

the  genus  Dromatherium  (fig.  1140),  of  the  reputed  Trias  of  North 

America,  is  provisionally  placed 

here,  since  it  may  be  related  to 

some  of  the  members  of  the  next 

family,  although  Professor  Osbom 

makes  it  the  type  of  a  distinct 

Fig.  X 140.— Inner  view  of  the  left  ramus  of     ^_j^,         4.u«.      T).^*.^^^.^*^  ^^A 

the  mandible   of  DromatheHum   sytvestrt :     OXQSX the      PrOtOQOnta and 

E^ons.)*^'^  ""^  ^"^  ^"''"°*'    ^^^^"^    ^"^^^  suggests    that  it   may   be 

Reptilian.  If  not  Marsupials, 
these  early  Mammals  may  prove  to  be  representatives  of  a  group  of 
Prototheria  from  which  the  Polyprotodont  Marsupials  have  origin- 
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ated.  '  The  cheek-teeth  differ  from  those  of  all  other  Marsupials  in 
having  the  &ngs  imperfectly  divided,  and  thus  approximate  to  those 
of  certain  Anomodont  Reptiles.  There  are  seven  true  molars,  the  in- 
cisors are  spaced,  there  is  long  diastema  behind  the  canine,  and  the 
three  premolars  are  of  a  very  simple  structure.  The  crowns  of  the 
true  molars  consist  of  one  main  cusp,  with  small  accessory  cusps ; 
and  it  would  appear  that  the  teeth  of  the  upper  and  lower  jaws 
mutually  interlocked.  This  type  of  tooth  is  regarded  by  Professor 
Osbom  as  the  most  archaic  yet  known.  Microconodon^  which 
occurs  in  the  same  deposits  as  Dromatherium,  is  an  allied  but 
smaller  form. 

Family  AMPHiXHERiiDiE. — This  Mesozoic  family  is  provisionally 
taken  to  include  a  number  of  small  and  imperfectly  known  forms, 
some  of  which  are  regarded  by  almost  all  writers  as  undoubtedly 
Marsupials,  although  others  have  been  referred  by  Professor  Osbom, 
with  some  hesitation,  to  the  Insectivora,  under  the  name  of  Insec- 
tivora  Primitiva;   those  which  are  retained  by  that  writer  in  the 
present  order  being  termed  Prodidelphia.      Although  it  is  quite 
probable  that  with  fuller  information  the  two  sections  into  which 
this  family  is  divided  may  be  raised  to  the  rank  of  separate  families, 
yet  the  evidence  brought  forward  by  the  writer  mentioned  above  in 
favour  of  referring  some  of  the  genera  to  the  Insectivora  appears  to 
be  insufficient ;  no  members  of  that  order  having  more  than  three 
lower  incisors  or  more  than  the  normal  three  molars  of  the  other 
Placental  Mammals.^     Considerable  confusion  has  arisen  in  regard 
to  the  dentition  of  many  of  the  me^lbers  included  in  this  family 
owing  to  the  circumstance  that  in  the  mandible  only  one  side  of 
the  teeth  is  generally  seen,  so  that  several  genera  have  been  made 
upon  the  evidence  of  remains  of  a  few  closely  allied  species.     The 
clearing  up  of  this  confusion  is  mainly  due  to  the  careful  observa- 
tions of  Professor  Osbom.     In  this  family  all  the  genera  are  char- 
acterised by  a  channel  on  the  inner  side  of  the  mandibular  rami 
known  as  the  Mylohyoid  groove  (fig.  1 147)— a  feature  occurring  in 
many  recent  Polyprotodonts.     The  number  of  lower  incisors  was 
probably  always  four  (as  in  the  modem  Didelphyida)^  and  the 
lower  true  molars  are  frequently  in  excess  of  that  number,  as  in 
Myrmecobius  alone  among  existing  heterodont  Mammals.     These 
true  molars  may  either  consist  of  three  or  more  cusps  arranged  in  a 
single  line,  or  they  may  be  differentiated  into  a  tritubercular  blade 
followed  by  a  posterior  heel  or  talon.     The  premolars  are  very 
generally  four  in  number,  but  they  may  be  reduced  to  three,  or 
perhaps  two.     Not  unfrequently,  as  in  the  existing  Peramelida^  the 
root  of  the  canine  may  be  grooved. 

^  Jnd^ng  from  his  latest  memoir  on  the  subject,  it  is  probable  that  Professor 
Osbom  would  now  considerably  modify  his  views  as  to  these  divisions. 
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As  a  provisional  measure  this  family  may  be  divided  into  two 
groups  or  subfamilies,  of  which  the  first  may  be  eventually  raised  to 
the  rank  of  a  distinct  family.  The  first  subfamily,  or  Fhascolo- 
tfieriitKBy  is  referred  by  Professor  Osbom  to  his  Prodidelphia,  and 
is  included  in  the  Triconodontida  {infra).  The  lower  true  molars 
consist  typically  of  three  main  cusps  arranged  in  a  line,  together 


Fig.  Z141.— Inner  view  of  the  right  ramus  of  the  mandible  of  Pfuucoloikerium  BudUa»di; 
from  the  Stonesfield  Slate.  Twice  natural  sise.  The  outline  figure  is  natural  hk.  Tboe 
should  be  a  fourth  incisor.    (After  Owen.) 

with  some  accessory  cusps;  and  it  would  appear  that  the  upper 
molars  were  of  similar  structure.  The  lower  incisors  are  separated 
from  one  another  by  intervals.  The  typical  genus  Fhascoiotherium 
(fig.  1 141),  from  the  Lower  Jurassic  slate  of  Stonesfield,  in  Oxford- 
shire, has  the  condyle  of  the  mandible  placed  very  low  down; 
the  lower  dental  formula  is  /.  4,  C.  i,  Ffn,+M,  7,  the  canine  is 
separated  by  a  diastema  from  the  first  premolar,  and  the  true  molars 
have  a  well-marked  cingulum  on  the  inner  side.     Amphilestes  (fig. 


Fig.  T 142.— Reversed  inner  view  of  the  left  ramus  of  the  mandible  oiAmpkiinUt  Brtdfripi', 
from  the  Stonesfield  Slate.  Twice  natural  size.  The  restoration  of  the  anterior  teeth  is  con- 
jectural ;  and  the  condyle  is  placed  too  high.    (After  Owen.) 

1 142),  from  the  same  deposits,  has  a  more  numerous  series  of 
cheek-teeth,  and  a  higher  mandibular  condyle.  The  exact  dental 
formula  is  not  known/  although  it  may  have  been  the  same  as  in 
the  undermentioned  Ambiotherium.  The  mandible  from  the  same 
beds  shown  in  fig.  1143  has  been  made  the  type  of  the  genus 
Amphitylus ;  and  according  to  Professor  Osbom  has  teeth  of  the 
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same  general  type  as  those  of  the  preceding  genera.  If  this  be 
so,  it  would  appear  to  countenance  the  view  that  the  present  group 
should  be  separated  from  the  AmphitheriidiB^  hut  owing  to  the 
damaged  condition  of  the  speci- 
men great  caution  is  necessary 
in  speaking  positively  as  to  the 
nature  of  the  teeth. 

In  the  second  subfamily,  or 
AmphitheriifUB^  the  lower  true 
molars  are  differentiated  into  a 
tritubercular  anterior  blade  and 
a  posterior  heel  or  talon.     Four 

premolars  are  present  in  all  those  genera  of  which  the  entire  lower 
dentition  is  known;  and  the  mandibular  condyle  is  high.  The 
upper  molars  are  unlike  the  lower.  Many  of  these  genera  are 
referred  by  Professor  Osbom  to  his  Insectivora  Primitiva. 

Before  proceeding  further  some  explanation  is  necessary  as  to 
the  structure  of  this  type  of  lower  molar.     Following  the  nomen- 


Fig.  XX43*—  Outer  aspect  of  the  right  ramus  of 
the  nuuodible  of  Amfmiylus  Oweni;  from  the 
Stonesfield  Slate.    Euburged.    (After  Owen.) 


Fig.  1x44.— Outer  aspect  of  the  left  ramus  of  the  mandible  of  DrjfoUtUs  vorax;  from  the 
Uroer  Jurassic  of  North  America.  Three  times  natural  siie.  a.  Canine ;  c,  Coronoid  process ; 
d^  Angle.    The  bdson  and  first  premolar  are  absent.    (After  Marsh.) 

clature  adopted  by  Professor  Flower  the  three  cusps  in  the  anterior 
half  of  such  a  "  tritubercular"  tooth  may  be  collectively  spoken  of 
as  the  blade  (fig.  1145,  a,  ^,  r);  while  the  hinder  part  {d)  may  be 
termed  the  talon.     In  the  blade  the  cusp  a  is  termed  the  anterior, 

h 

V\^.  XX45. — upper,  outer,  and  inner  riews  of  a  left  lower  true  molar  cX  Da^n^rus,  a*  Anterior 
of  blade  (/smcMM^;  3,  Posterior  cusp  of  do.  {^raioconid);  c.  Inner  cusp  of  do.  (mtia- 


cwu^;  d.  Talon  {kj^oe^md). 


the  large  one  b  the  posterior,  and  the  small  one  ^,  which  is  the 
innermost,  the  inner  cusp.  According  to  Professor  Osbom  these 
three  cnisps  correspond  to  the  three  cusps  of  Priacodon  {fig.  1147), 
and  in  both  cases  he  applies  to  them  the  names  of  para-^  proto-^ 
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and  metaconid ;  calling  the  talon  of  the  present  type  the  hypaconiL 
Corresponding  terms  ending  in  cone  are  applied  to  the  upper  molars 
of  the  same  types. 

It  will  be  obvious  that  when  a  jaw  is  embedded  in  matrix  with 
the  inner  surface  exposed  we  shall  only  see  the  cusps  a  and  c  and 
the  talon  d ;  while  when  the  outer  surface  is  visible  only  the  large 
cusp  h  will  be  observed.  An  example  of  the  latter  occurrence  is 
shown  in  fig.  1 1 46 ;  and  this  circumstance  has  been  the  fruitful 
source  of  error  in  regard  to  a  number  of  the  Mesozoic  types  under 
consideration. 

In  the  type  genus  Amphitherium  of  the  Stonesfield  Slate,  or 
Lower  Jurassic,  the  exact  dental  formula  is  unknown,  but  it  may 
perhaps  have  been  the  same  as  in  the  next  genus.  ^  In  Amblo- 
therium  (  =  Peraspalax^  Phascolestes)  of  the  Purbeck,  or  Upper 
Jurassic,  of  Dorsetshire,  the  lower  dental  formula  is  7.  4,   C.  i, 


Fig.  ZX46.— Outer  view  of  the  left  ramus  of  the  mandible  of  AmbhtJurium  rraciU  ;  from  the 
Upper  Jurassic  of  North  America.  Three  times  natural  size,  a.  Canine :  e,  Coroooid  process; 
b,  Condfyle ;  d^  Mandible.    (After  Marsh.) 

Fm,  4,  M,  (7-8),  or  the  same  as  in  the  American  Jurassic  Dryo- 
Ustes  (fig.  1 1 44).  Several  species  are  known,  in  some  of  which 
there  were  seven,  and  in  others  eight  lower  molars.  The  genus 
Stylodon  has  been  founded  upon  the  outer  side  of  mandibles  of 
Amblotherium^  in  which  only  the  large  posterior  cusp  (protoconid) 
of  the  blade  of  the  molars  is  visible,  as  in  the  lower  jaw  shown  in 
the  accompanying  woodcut,  which  has  been  made  the  type  of  the 
genus  Stylacodon^  of  the  Upper  Jurassic  of  North  America.  The 
latter  has  eight  lower  molars,  while  the  English  form  has  only 
seven.  Achyrodon^  of  the  English  Purbeck,  is  closely  allied  to 
Amblotherium^  but  differs  in  the  form  of  the  cusps  of  the  molars. 
Feramus  {Leptocladus)  is  a  third  Purbeck  genus,  with  relatively 
stouter  lower  molars,  in  which  Professor  Osbom  gives  the  lower 
dental  formula  as  /.  3,  C  i,  Fm,  6,  M.  3.  The  North  American 
Dryolestes  has  relatively  shorter  lower  molars  (fig.  1144),  the  wood- 
cut clearly  showing  the  three  cusps  of  the  blade  and  the  talon  of 
these  teeth.     Asthenodon  and  Laodon  are  other  North  American 

^  Professor  Osbom  regards  it  as  /.  ?,  C  I,  Pm,  5,  M,  6. 
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fonns  characterised  by  the  small  size  of  the  talon  of  the  lower 
molars;  while  the  names  Dicrocytwdon  {Dtplocynodon\  Docodon^ 
and  Enneodon'^  have  been  applied  to  more  or  less  closely  allied 
forms  from  the  same  deposits.  Finally,  Professor  Osborn  has 
given  the  name  Kurtodon  to  certain  upper  jaws  from  the  English 
Purbeck,  which  are  probably  referable  to  one  or  other  of  the  above- 
mentioned  genera.  From  the  Laramie  Cretaceous  of  North  America 
Professor  Marsh  has  described  the  remains  of  allied  types.  One  of 
these  has  been  termed  Didelphops  {Didelophodon  or  Cimolestes\  while 
one  tooth  has  been  referred  to  the  Jurassic  genus  DryoUstes^  and 
another  has  been  made  the  type  of  the  genus  Pediotnys,  The  re- 
semblance in  the  structure  of  the  lower  molars  of  the  Amphitheriina 
to  that  of  the  corresponding  teeth  oiDasyurus  and  the  Dideiphyidce, 
suggests  that  the  latter  have  originated  from  an  allied  stock. 

Family  Spalacotherhd^ — The  genus   Spalacothtrium^   with 
which  PeraUstes  is  identical,  has  a  dentition  which  may  probably 

be   expressed  by  the   formula  /  -,  C,   -,  Pm.    -,  M.  -.      The 

3146 

true  molars  consist  of  a  single  column  carrying  three  cusps,  and 
thus  corresponding  to  the  blade  of  the  tooth  of  the  Amphitheriina. 
The  reduction  in  the  number  of  the  lower  incisors  distinguishes 
this  family  from  the  last;  but  it  is  difficult  to  say  whether  the 
absence  of  the  talon  in  the  lower  true  molars  is  or  is  not  a  more 
specialised  feature.  The  molars,  which  are  of  the  typical  trituber- 
cular  type,  approximate  very  closely  in  their  plan  of  structure  to 
those  of  the  genus  Chrysochloris  among  the  Insectivora,  but  this 
cannot  be  taken  as  indicative  that  the  present  genus  should  be 
referred  to  that  order,  since  a  precisely  analogous  resemblance  ex- 
ists between  the  molars  of  Tupaia  in  the  Insectivora  and  Perameles 
in  the  Marsupials.  Menacodon^  from  the  Upper  Jurassic  of  North 
America,  is  an  allied  genus. 

Family  TRicoNODONTiDiE. — ^The  last  family  of  Mesozoic  Mam- 
mals we  have  to  consider  is  represented  by  the  English  Purbeck 
genus  Triconodon  {Triacanthodon\  and  the  allied  or  identical 
Priacodon  (fig.  11 47)  of  the  Upper  Jurassic  of  North  America. 
Professor  Osborn  includes  in  this  family  the  Phascolotheriina 
already  mentioned;  but  the  reduction  in  the  number  of  the  in- 
cisors and  the  general  fades  of  the  teeth  seems  to  indicate  con- 
siderable difference — ^although  the  two  groups  are  probably  more 
or  less  nearly  related.  The  mandibular  condyle  is  placed  still 
lower  than  in  Phascoiotherium,  and  apparently,  indeed,  than  in 
any  other  known  Mammal  The  upper  cheek-teeth  resemble  the 
lower.  The  dental  formula  in  the  mandible  is  /.  3,  C.  i,  Pm,  4, 
-^*  f3~4)«  The  incisors  were  approximated,  the  cheek-teeth  have 
^  Preoccupied,  see  page  1015. 
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an  inner  cingulum,  and  the  molars  consist  of  three  subequal  cones 
or  cusps  of  a  trenchant  form,  arranged  longitudinally.  There  were 
apparently  either  three  or  four  molars  in  different  individuals  of  a 
single  species.  The  fourth  premolar  was  preceded  by  a  milk-tooth 
resembling  the  true  molars.  It  was  considered  by  Sir  R.  Owen 
that  the  lower  true  molars  of  this  genus  corresponded  to  those  of 
the  existing  Thylacinus^  in  which  there  is  a  bilobed  blade  and  a 
talon.  According,  however,  to  Professor  Osbom,  this  interpretation 
is  incorrect ;  and  that  observer  considers  that  the  three  cusps  of  the 


Ftg.  1x47.— Inner  view  of  the  left  ramtis  of  the  mandible  of  Priacodonferoxl  from  the  Upper 
Jurasnic  of  North  America.  Three  times  natural  size.  <r.  Coronoid;  /*,  Mylcrfiyoid  groove;  f, 
Symphysis.    The  anterior  teeth  are  wanting.    (After  Marsn.) 

Triconodont  type  represent  the  three  main  cusps  of  the  tooth  of 
Phascolotherium  (fig.  1141),  and  also  correspond  to  the  three  lobes 
of  the  blade  of  the  tritubercular  molar  of  the  Amphitherium  type 
(fig.  1 145);  and  he  accordingly  terms  these  three  cusps  the/ara-, 
proto-^  and  metaconid^  and  considers  that  the  talon  Qiypoconid)  is 
unrepresented. 

Family  DASVURiDiE. — With  this  family  we  come  to  the  considera- 
tion of  the  existing  Marsupials.  The  Dasyurida  is  an  exclusively 
Australian  family,  comprising  the  largest  known  members  of  the 
suborder,   and   is   divided    into    the    subfamilies   Dasyurina  and 

Myrmecobiina,     These  are  always  Z  -,   C,   - ;  but  the  number  of 

cheek-teeth  varies,  although  there  are  never  more  than  three  pre- 
molars. In  the  pes  the  hallux  is  usually  either  rudimental  or 
absent,  but  the  other  four  digits  are  well  developed  and  subequal.    In 

the  Dasyurina  the  number  of  cheek-teeth  does  not  exceed  -,  the 

upper  true  molars  have  triangular  crowns,  and  those  of  the  lower 
molars  are  differentiated  into  an  anterior  blade  and  a  posterior  talon 
{fig,  1 145),  like  the  lower  carnassial  tooth  of  many  of  the  placental 
Carnivora  of  the  present  day.  The  mylohyoid  groove  may  be 
present  both  in  this  and  the  next  subfamily.  The  Tasmanian 
Wolf  is  the  sole  living  representative  of  the  genus  Thyladnus^  in 
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which  the  cheek-teeth  number  Pm,  -,  M,  -,  and  the  humerus  has 

3         4 
a  foramen;  but  in  the  Pleistocene  of  Australia  there  occurs  the 
considerably  larger  T,  spelctus,     Sarcophilus^  of  which  the  dentition 
is  shown  in  fig.  11 48,  is  also  confined  at  the  present  day  to  Tas- 


Fiff.  1 148.— Left  lateral  view  of  the  dentition  of  Sarcopkiltu  ursinus.    Recent,  Tasmania.    /, 
Indioffs ;  c,  Canine ;  /w,  Jhremolan ;  m,  Molars.    l*he  tooth  marked  fm  a  is  really  pm  3. 

mania,  but  a  larger  species  inhabited  the  mainland  of  Australia  in 
the  Pleistocene.  Indications  of  specialisation  are  shown  by  the 
reduction  of  the  premolars  to  two,  and  also  by  the  loss  of  the  fora- 
men in  the  humerus.  The  most  generalised  genus  of  the  subfamily 
is  Dasyurus^  comprising  several  species  of  smaller  size  than  the  pre- 
ceding. In  the  lower  molars  (fig.  1145)  the  blade  has  three  cusps 
arranged  in  a  triangle,  and  thus  differs  from  those  of  Thylacinus^  in 


Fig.  xx^f^-^Myrmtcohiusjasciatuiy  Australia.    Reduced. 

which  the  inner  cusp  is  wanting.  There  is  a  mylohyoid  groove  in 
the  mandible,  and  the  humerus  has  a  foramen.  Species  of  Dasyurus 
at  the  present  day  range  over  the  whole  of  the  Australian  continent, 
one  of  them  dating  from  the  Pleistocene.     The  subfamily  Myrmeco- 
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biina  is  represented  solely  by  the  genus  Myrmecobtus.     In  this  re- 
markable animal  (fig.  1149)  the  lower  incisors  are  separated  from 

g 
one  another,  the  cheek-teeth  number  -,  of  which  the  first  three  in 

9 
either  jaw  are  premolars ;  while  the  molars  have  quadrangular  multi- 
cuspidate  crowns,  and  are  not  well  differentiated  from  the  premolars. 
Although  some  writers  doubt  the  connection,  it  is  probable  that 
Myrmecohius  is  the  direct  descendant  of  forms  closely  allied  to 
Amphilestes,  of  the  Lower  Jurassic  of  England ;  the  relations  of  the 
two  being  perhaps  somewhat  similar  to  that  existing  between  the 
living  Sphenodon  of  New  Zealand,  and  the  more  specialised  Hyper- 
odapedon  of  the  English  Trias. 

Family  PsRAMELiDiE. — In  this  family,  comprising  the  Bandicoots 

of  Australia  and  New  Guinea,  the  dental  formula  is  /  ^^ — - ,  C  -, 

7  4 

Pm.  -,  M.  -,  and  the  pes  has  two  of  the  digits  reduced  and  con- 

3         4 
nected  by  integument,  as  in  the  Macropodidct  among  the  Diproto- 
donts.     Occasionally  the  canines  have  grooved  or  double  roots. 
Remains  of  existing  species  of  PerameUs  and  Peragak  occur  in  the 
Pleistocene  of  New  South  Wales. 

Family  DiDELPHYiDiE. — In  all  the  members  of  this  family  the 

CI  "^  4 

dental  formula  is  /.  -,  C  -,  Pm.  -,  M.  ~.     The  incisors  are  very 

4        i'  3         4 

small  and  sharp;  the  canines  are  large ;  the  premolars  compressed ; 
and  the  true  molars  constructed  on  the  general  plan  of  those  of 


Fig.  z ISO.— Left  lateral  view  of  the  dentition  of  Didelpkyt  Anarm;  South  America,  i,  In- 
cisors ;  c,  Canine ;  /m,  Premolars :  m,  True  molan.  The  teeth  marked  pm  3  should  be>«r  4 ; 
the  teeth  between  these  and  pm  x  being  pm  a. 

Dasyurus ;  the  lower  ones  having  a  blade  and  talon,  with  a  distinct 
inner  cusp  to  the  former.  Each  foot  is  furnished  with  five  com- 
plete digits ;  and  the  humerus  has  an  entepicondylar  foramen.  At 
the  present  day  the  Opossums,  as  the  members  of  this  family  are 
commonly  called,  are  confined  to  the  New  World,  where  they  are 
represented  by  the  genera  Didelphys  (fig.  1150)  and  ChironecUs ; 
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the  latter  being  known  only  by  a  single  species.  Remains  of  exist- 
ing species  of  both  genera  occur  very  commonly  in  the  Pleistocene 
breccias  of  the  Brazilian  caves ;  and  to  the  type  genus  may  also  be 
referred  a  large  number  of  species  from  the  Lower  Miocene  and 
Upper  Eocene  of  Europe,  which  by  some  writers  are  referred  to 
distinct  genera  under  the  names  of  Perathtriutn  and  Amphipera- 
therium,  Spalacodon,  of  the  ExKene  of  Hordwell,  is  probably  a 
Dideiphys,     It  was  in  Didelphys  Cuvieri^  of  the  Paris  gypsum,  that 


T^ 


dibular 


.  \\Kt,^Didilpkyt{fifugaxi  from  the  White-river  Miocene  of  Colorado. 
«,  i.  Inferior  and  lal      '     ' 


,   „  Twice  natural 

itcral  views  of  skull ;  c,  d^  Superior  and  lateral  views  of  right  man- 
(After  Cope.) 


Cuvier  demonstrated  the  existence  of  marsupial  bones  by  a  careful 
clearing  of  the  matrix.  Other  extinct  forms  from  the  Miocene  of 
North  America  (fig.  1151)  may  in  all  probability  be  referred  to  the 
same  genus. 

Suborder  2.  Diprotodontia — If  we  exclude  the  Multituber- 
culata,  which  have  been  already  mentioned,  this  suborder  will  be 
confined  to  the  Australian  region,  where  it  has  been  known  since 
the  Pleistocene ;  and  with  this  limitation  it  may  probably  be  re- 
garded as  an  offset  from  the  more  generalised  Polyprotodontia.  In 
all  cases  there  is  only  a  single  pair  of  lower  incisors,  but  in  the  upper 
jaws  there  are  usually  three  pairs  of  such  teeth,  although  they  are 
reduced  to  one  in  the  Wombats. 
The  lower  incisors,  and  the  first, 
or  innermost,  pair  of  upper  in- 
cisors are  always  of  large  size  and 
adapted  for  cutting.  The  canines 
are  frequently  absent,  and  when 
present  are  of  relatively  small  size. 
The  crowns  of  the  true  molars 
are  either  tuberculate  or  have 
transverse  ridges ;  and  as  a  general 
rule  there  are  not  more  than  two 
premolars.  Very  frequently  the  last  premolar  has  a  long  and  narrow 
crown,  with  a  concave  superior  border  adapted  solely  for  cutting. 


Fig.  1 1 jja.— Posterior  reduced  view  of  the 
mandible  of  the  Wombat  {Pkasccicmys). 
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Family  PHASCOLOMViDiE. — This  family  is  now  represented  only 
by  the  genus  Phascolotnys^  or  Wombats ;  in  which  the  dental  formula 

is  /.  -,  C  -,  Pm,  -,  J/!  -,  and  all  the  teeth  grow  from  persistent 

pulps.  The  true  molars  have  curved  crowns  consisting  of  two  sub- 
equal  lobes,  while  the  premolar  has  only  a  single  lobe,  and  is  not 
preceded  by  a  milk-tooth.  The  mandible  (figs.  1152,  1153)  Js 
characterised  by  having  a  pit  and  perforation  in  the  masseteric 
fossa.  The  fore  and  hind  limbs  are  of  equal  length,  the  fonner 
being  of  great  strength  in  accordance  with  the  fossorial  habits  of 
the  genus ;  and  the  humerus  has  a  foramen.  There  are  five  digits 
in  the  manus,  all  of  which  are  provided  with  long  curved  claws,  and 
are  of  subequal  size ;  but  in  the  pes  the  hallux  is  imperfect,  and 
the  three  middle  digits  are  of  nearly  equal  size,  and  partly  enclosed 
in  a  common  integument.  Three  existing  species  of  Wombat  are 
known,  which  are  divided  into  two  groups  according  to  the  char- 


Fig.  1 153.— Left  lateral  view  of  skull  of  Wombat  {PkMcaiamys  laii/roms\    Reduced. 
Australia. 

acters  of  the  skull  and  teeth  ;  none  of  them  being  of  large  size.  In 
the  Pleistocene  of  Australia  we  meet  with  remains  not  only  of  these 
existing  species,  but  also  with  several  extinct  types,  one  of  which 
was  of  considerably  larger  dimensions.  In  the  same  deposits  are 
also  found  remains  of  the  extinct  genus  Phascolonus  (with  which 
the  so-called  Scepamodon  appears  to  be  identical),  characterised  by 
certain  peculiarities  in  the  incisors.  The  one  known  species  prob- 
ably attained  the  dimensions  of  a  Tapir,  although  of  considerably 
stouter  build. 

Family  NoxoxHERiiDyE. — This  family  is  represented  only  by  a 
single  definitely  known  genus  from  the  Australian  Pleistocene  d^ 
scribed  as  Nototheriumy    This  includes  one  (or  possibly  more)  large 

^  It  has  recently  been  suggested  that  the  figured  skull  does  not  belong  to  Nttt- 
therium^  and  that  it  should  be  termed  Zygomaturus;  but  this  view  is  not  sup- 
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species,  and  appears  to  have  been  allied  in  many  respects  to  the 
Wombats,  although  presenting  several  of  the  dental  characters  of  the 

next  family.     The  dental  formula  is  L  -,  C,  -,  Pm.  -,  J/".  -:  and 

I         o  I  4 

it  appears  that,  at  least  normally,  there  was  no  deciduous  milk- 
molar.  The  cheek-teeth  are  rooted ;  the  crowns  of  the  true  molars 
carrying  two  simple  transverse  ridges.  The  cranium  (fig.  1154) 
presents  a  very  singular  contour,  the  nasals  being  transversely  ex- 
panded ;  and  the  mandible  differs  from  that  of  the  Phascolomyida 


Fig.  1154.— Left  btcnl  view  of  the  skull  of  Nototkerium  MitcktlU  :  from  the  Pleistocene 
of  Australia.    One-sixth  natural  size.    (After  Owen.) 

by  the  absence  of  a  pit  or  perforation  in  the  masseteric  fossa  (fig. 
1 1 54).  The  limb-bones  appear,  however,  to  have  resembled  those 
of  the  latter  family;  the  humerus  having  a  distal  foramen,  and 
being  evidently  adapted  for  fossorial  habits,  although  it  is  difficult 
to  believe  that  an  animal  of  such  comparatively  large  bulk  could 
have  lived  in  burrows. 

Family  DiPROXODONTiDiE. — The  genus  Diprotodon^  of  the  Aus- 
tralian Pleistocene,  is  the  sole  representative  of  this  extinct  family, 
and  the  type  species  (fig.  1155)  is  the  largest  known  member  of 
the  order ;  its  bulk  being  fully  equal  to  that  of  a  large  Rhinoceros, 
The  dental  formula  is  the  same  as  that  of  NototJurium ;  and  the 
structure  of  the  cheek-teeth  of  the  two  genera  is  also  very  similar, 
although  the  lower  true  molars  of  Diprotodon  have  no  median 
longitudinal  bridge.     In  the  incisors  of  this  genus  the  first  pair  are 

ported  by  sufficient  evidence.  A  small  Nototheroid  from  Queensland  has  re- 
ceived the  preoccupied  name  Owenia^ 
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scalpriform,  and  grow  from  persistent  pulps.  The  fore  and  hind 
limbs  are  of  approximately  equal  length,  and  adapted  solely  for 
walking ;  the  humerus  has  no  foramen ;  and  it  is  probable  that  the 
covering  of  the  toes  approximated  to  the  nature  of  hoofs.  The 
mandible,  although  more  convex  below,  is  not  unlike  that  of  Noio- 
therium.     Professor  Huxley  has  named  a  second  species  on  the 


Fig.  1Z55.— Left  lateral  view  of  the  skull  cX  Di/rotodon  AustraUs;  fitnn  the  Pleistocene 
of  Australia.    Much  reduced.    (After  Owen.) 

evidence  of  premolars,  but  it  is  not  certain  that  this  determination 
is  correct. 

Family   PHALANGERiDiE.  —  This   family   includes   the  existing 
Phalangers  and  the  Koala  {Phascoiarctus\  as  well  as  a  remarkable 

extinct  genus.  All  these  animals  have  /.  -,  and  an  upper  and  fre- 
quently also  a  minute  lower  canine ;  while  the  premolars  may  vary 
from  -  to  -,  and  the  true  molars  from  -  to  -.      The   structure  of 

the  cheek-teeth  is  subject  to  great  variation  in  the  different  genera ; 
the  fourth  premolar  being  either  secant  or  tubercular.  There  is  no 
pit  or  perforation  in  the  masseteric  fossae  of  the  mandible.  The 
limbs  are  of  nearly  equal  length ;  the  manus  has  ^\q  subequal  digits, 
but  the  second  and  third  digits  of  the  pes  are  very  slender  and 
partially  united  by  integument ;  and  the  hallux  is  always  opposable. 
In  many  of  the  true  Phalangers  the  fourth  premolar  is  grooved,  and 
the  dentition  closely  resembles  that  of  the  existing  genus  Hypsi- 
prymnodon  among  the  Macrqpodida,     Of  living  genera  the  only  one 
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known  to  occur  in  a  fossil  state  is  Pseudochirus^  of  which  the  remains 
of  an  existing  species  are  found  in  the  Pleistocene  cave-deposits  of 
New  South  Wales.  The  most  interesting  member  of  the  family  is, 
however,  the  large  Pleistocene  ThylacoUo  (fig.  11 56),  which  forms 
the  type  of  a  distinct  subfamily.    The  dentition  may  be  represented 

by  the  formula  /.  -,  C  -,  Pm,  -,  M.  -.     The  true  molars  and 
I         o'  3'         2 

earlier  premolars  were  small,  and  more  or  less  functionless,  while 

the  fourth  premolar  is  enormously  developed,  and  has  a  long  sharp 

cutting-edge,  so  that,  in  union  with  its  fellow  of  the  opposing  jaw, 


Fig.  X 156.— Right  lateral  view  of  the  skull  of  ThylacoUo  cami/ex;  from  the  Pleistocene 
of  Aostrmlia.    One-fiftn  natural  sise. 

it  forms  a  cutting  instrument  of  extraordinary  power.  In  originally 
describing  this  remarkable  animal  from  fragments  of  jaws  containing 
the  fourth  premolar.  Sir  Richard  Owen  came  to  the  conclusion  that 
the  structure  of  this  tooth  indicated  a  carnivorous  animal  adapted 
to  prey  upon  the  huge  Diprotodons  and  Nototheres ;  but  the  dis- 
covery of  the  complete  skull  has  shown  that  the  animal  was  more 
closely  allied  to  the  existing  Phalangers,  and  that  it  could  not  have 
possessed  the  destructive  habits  attributed  to  it  by  its  describer, 
although  it  is  quite  probable  that  its  diet  may  have  included  the 
smaller  mammals,  birds,  and  eggs.  It  was  at  one  time  considered 
that  the  Multituberculata  were  allied  to  this  genus. 

Family  MACROPODiDiE. — The  last,  and  in  many  respects  the 
most  specialised  family  of  the  Diprotodontia  includes  the  Kan- 
garoos, Wallabies,  and  Kangaroo-rats.    The  dentition  is  represented 

\  iO"~I  I  2  A, 

by  the  formula  /.  -,   C. -.  Pm,  -,  J/]  - .      The  incisors  are 

1024 

extremely  secant,  those  of  the  mandible  being  frequently  movable 

against  one  another.     The  premolars  may  have  either  triangular  or 

cutting  crowns,  and  in  the  latter  case  (fig.   1158)  are  frequently 

grooved ;  the  third  premolar  is  always,  and  the  fourth  in  some  cases, 
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deciduous,  the  latter  being  invariably  preceded  by  a  milk-tootL  The 
true  molars  have  either  four  tubercles  or  two  transverse  ridges,  and 
frequently  an  anterior  talon.  The  mandible  has  a  deep  pit  and  per- 
foration in  the  masseteric  fossa.  The  pectoral  limb  is  always  more 
or  less  markedly  shorter  than  the  pelvic.  The  manus  is  provided 
with  five  subequal  digits;  but  in  the  pes  (fig.  1157)  the  hallux  is 
generally  absent,  the  second  and  third  digits  being 
very  minute  and  enclosed  in  a  conmion  int^;ument 
{syndactylaus\  while  the  fourth  is  greatly  enlarged,  and 
forms  the  main  base  of  support  The  majority  of 
forms  progress  by  making  enormous  leaps  by  means 
of  their  powerful  hind-limbs ;  but  a  few,  like  Dendro- 
lagus  of  New  Guinea,  are  arboreal.  This  family  may 
be  divided  into  three  subfamilies.  In  the  first,  or 
Hypsiprymnodontifuz^  there  is  a  distinct  hallux,  and 
the  dentition  closely  resembles  that  of  the  Phalan- 
geridcR ;  the  fourth  premolar  being  small,  obliquely 
grooved,  and  directed  inwardly  at  its  anterior  border. 
In  the  small  existing  Hypsiprymnodan  there  is  no  tooth 
between  the  lower  incisor  and  the  fourth  premolar; 
but  in  a  large  extinct  form  from  the  Pleistocene  of 
New  South  Wales,  described  under  the  name  of  Tri- 
cliSy  there  is  a  minute  tooth  behind  the  lower  incisor 
corresponding  to  the  tooth  in  the  Phalangerida  com- 
monly reckoned  as  the  representative  of  the  canine. 
This  genus,  therefore,  forms  an  important  link  between 
the  last-named  and  the  present  family.  In  the  second 
subfamily,  or  Potoroitut^  the  hallux  is  absent;  the 
first  upper  incisor  is  narrower  and  longer  than  either  of 
the  others  (fig.  1158);  there  is  always  an  upper  can- 
ine ;  the  fourth  upper  premolar  is  elongated  and  secant,  and  usually 
with  the  grooves  strongly  marked ;  while  the  true  molars  are  tuber- 
culate,  with  the  fourth  smaller  than  the  third.  The  Kangaroo-rats 
are  divided  into  the  genera  Potoraus  (Hyp5iprymnus\  BeitongiOy 
and  y£pyprymnus ;  the  latter  being  represented  in  the  Pleistocene 
of  New  South  Wales  by  remains  of  the  existing  species. 

The  third  subfamily,  or  Macropina^  is  distinguished  from  the  last 
by  the  following  characters :  The  cutting-edges  of  the  upper  incisors 
form  nearly  a  straight  line  (fig.  1159);  the  upper  canine  is  usually 
either  absent  or  very  small ;  and  the  fourth  premolar,  which  may  be 
shorter  or  longer  than  the  first  true  molar,  has  either  an  inner  basal 
ridge  or  lobe.  In  the  existing  genus  Macropus  (Kangaroos)  the 
fourth  upper  premolar  has  a  sharp  cutting  outer  edge,  and  an  inner 
ridge  or  tubercle ;  and  this  tooth  in  both  jaws  may  be  either  longer 
or  shorter  than  the  first  true  molar.     The  two  rami  of  the  mandible 


Fig.  X157. - 
Dorsal  aspect  of 
the  right  pes  of 
MacroMu  Ben' 
futtu  Reduced. 
(After  Flower.) 
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are  not  anchylosed  together,  and  the  hind-limbs  are  much  longer 
than  the  front  ones.  A  large  number  of  fossil  species  occur  in  the 
Australian  Pleistocene,  among  which  may  be  mentioned  several 
very  large  forms  like  M,  brehus^  which  have  the  fourth  premolar 
longer  than  the  first  true  molar,  and  are  allied  to  the  small  existing 
Wallaby,  M,  ualabatus   (which  also   occurs   in   the    Pleistocene). 


Fig.  1 1 58. — Dentition  oi  Potorous.    /,  Incisors;  c^  Canine;  pm^  Premolar;  m,  Molars. 

Then,  again,  we  have  in  the  same  deposits  remains  of  the  existing 
Rock-Kangaroo,  M,  {Petrogale)  penicillatus^  and  also  of  the  larger 
M.  robustus^  and  some  allied  extinct  forms.  Another  group,  in 
which  the  fourth  premolar  is  very  small  and  soon  falls  out,  is  repre- 
sented by  the  existing  M,  giganteus^  and  the  larger  extinct  M,  titan 
and  M,  ferragus.  Sthenurus  is  an  entirely  extinct  genus  character- 
ised by  the  presence  of  a  distinct  inner  lobe  to  the  fourth  upper 
premolar,  and  is  represented  by  a  single  species  of  considerable 
siizit.     In  Procoptodon^  again,  which  is  likewise  extinct,  the  fourth 


Fig.  ix^—Macro^  Bemutti.    Lateral  view  of  skull;  from  Australia.     Reduced. 


upper  premolar  is  like  that  of  Sthenurus^  but  the  rami  of  the  man- 
dible become  anchylosed  together  in  the  adult;  more  than  one 
species  are  known.  Finally,  the  extinct  Palorchestes^  comprising 
the  largest  known  member  of  the  family,  is  distinguished  from  the 
last-named  genus  by  the  longer  mandibular  symphysis,  and  the 
absence  of  an  anterior  talon  in  the  upper  true  molars.     The  length 

VOL.  II.  2  c 
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of  the  skull  of  the  one  known  species  is  estimated  at  as  much  as 
sixteen  inches. 

Of  Uncertain  Ordinal  Position. — Here  may  be  conveniently  noticed 
some  minute  Mammals,  mostly  known  by  teeth  or  fragments  of 
jaws,  from  the  Lowest  Eocene  of  Rheims,  of  which  it  is  difficult  to 
say  whether  they  are  Marsupial  or  Placental,  although  it  is  highly 
probable  that  some  of  them  belong  to  the  former  division.  Among 
these  may  be  mentioned  Tricuspodon,  with  teeth  resembling  those 
of  Spaiacotherium ;  the  allied  Orthaspidotherium  and  Pleuraspido- 
therium  ;  and  Procynictis^  in  which  the  true  molars  approximate  to 
those  of  Amblotherium. 
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CHAPTER    LX. 

CLASS    MAMMALIA— conHnued. 

Orders  Edentata,  Cetacea,  and  Sirenia. 

Subclass  II.  Eutheria. — The  whole  of  the  remaining  orders  of 
Mammalia  are  grouped  together  in  a  single  subclass,^  which  is 
characterised  by  the  foetus  being  nourished  in  utero  by  means  of  the 
maternal  blood  passing  through  an  allantoic  placenta.  This  sub- 
class is  sometimes  termed  the  Placentalia,  but  more  generally  the 
Eutheria.  Throughout  this  subclass  the  urinogenital  organs  are 
provided  with  an  external  aperture  quite  distinct  from  that  of  the 
alimentary  tube  \  the  corpus  callosum  of  the  brain  is  well  developed ; 
there  is  never  any  marked  inflection  of  the  angle  of  the  mandible ; 
and  distinct  epipubic  bones  are  absent  in  the  pelvis.  With  the  ex- 
ception of  the  three  orders  forming  the  subject  of  the  present  chap- 
ter, the  dental  formula  can  always  be  reduced  to  some  modification 
of  that  given  on  page  1 249.  At  the  present  day  the  various  orders 
have  become  so  well  differentiated  as  to  render  their  definition  com- 
paratively easy ;  but  fossil  forms  indicate  such  a  close  connection 
between  the  majority  of  them,  that  such  definition  becomes  fre- 
quently a  matter  of  extreme  difficulty,  if  not  an  absolute  impossi- 
bility ;  and  it  is  to  be  remembered  that  it  is  entirely  due  to  our  non- 
acquaintance  with  forms  which  must  have  once  existed  that  renders 
even  these  imperfect  definitions  practicable. 

There  is  at  present  no  conclusive  evidence  of  the  existence  of  any 
member  of  this  subclass  previous  to  the  Eocene. 

Order  III.  Edentata. — The  Edentata  are  widely  different  from 
all  other  existing  Mammals,  although  there  are  indications  of  affinity 
to  certain  extinct  forms  mentioned  in  the  sequel  under  the  heading 
of  the  Tillodontia.  Almost  the  only  common  character  presented 
by  the  various  existing  members  of  this  order  is  that  the  teeth,  when 

^  It  has,  Indeed,  been  proposed  to  form  a  separate  subclass — Paratheria — for 
the  reception  of  the  Edentates. 
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present,  are  devoid  of  enamel,  are  never  developed  at  the  extremi- 
ties of  the  jaws  in  the  situation  of  the  incisors  of  other  Mammals, 
and  are  always  homoeodont  and  grow  from  persistent  pulps  ;  while, 
with  the  exception  of  one  genus  of  the  Dasypodida^  they  are  like- 
wise monophyodont.  It  has,  however,  been  recently  observed  by 
Dr  Ameghino  that  enamel  was  present  in  the  teeth  of  certain  South 
American  fossil  forms;  while  in  the  genus  Diadomus^  from  those 
deposits,  a  pair  of  canine-like  teeth  occur  in  the  symphysis  of  the 
mandible.  In  many  of  the  genera  the  teeth  are  simply  cylindrical, 
but  they  may  be  transversely  ridged,  and  occasionally  they  have  a  very 
complex  internal  structure.  Not  unfrequently  the  maxillary  bone 
sends  down  a  large  descending  process  in  the  zygomatic  arch  (fig. 
1 163  bi5)\  and  certain  members  of  the  order  are  reiparkable  as  being 
the  only  known  Mammals  which  develop  a  bony  exoskeleton.  The 
cervical  vertebrae  are  short  and  wide,  with  nearly  flat  terminal  faces 
to  their  centra. 

The  distribution  of  the  Edentates  is  very  restricted.  In  Europe 
neither  at  the  present  day  nor  in  past  times  is  there  any  known  re- 
presentative of  the  order;  the  so-called  MacrotJurium  being  now 
known  to  be  identical  with  the  Ungulate  genus  Chalicotherium^  while 
Ancylotherium  is  also  allied  to  the  latter.  In  tropical  Asia  we  find 
the  Pangolins  or  Manida  ;  and  in  Africa  the  Orycteropodida,  South 
America  is,  however,  the  headquarters  of  the  order,  which  is  there 
represented  at  the  present  day  by  the  Anteaters,  the  Sloths,  and  the 
Armadillos,  and  in  past  epochs  by  the  huge  Ground-Sloths  and  the 
Glyptodonts.  The  gigantic  size  of  these  fossil  forms  as  compared 
with  their  existing  allies  of  the  same  area  is  paralleled  by  the  in- 
stance of  the  fossil  Diprotodont  Marsupials  of  Australia. 

It  is  evident  that  the  Edentates  are  widely  separated  from  all 
other  existing  Eutherians ;  and  Professor  W.  K.  Parker,  in  view  of 
the  tendency  to  a  variation  in  the  number  of  cervical  vertebrae  and 
other  features,  has  suggested  a  separate  origin  from  a  Prototherian 
stock.  Professor  Cope,  however,  looks  upon  the  order  as  allied  to 
the  Tillodonts,  and  the  occurrence  of  enamel  in  the  teeth  of  some 
fossil  forms  may  support  this  view. 

Family  ORVCTEROPODiDiE. — The  Ant-Bears  (Orycteropus)  of 
Africa  are  characterised  by  the  body  being  covered  merely  with  a 
few  hairs ;  and  by  the  numerous  teeth,  which  are  of  a  remarkably 
complex  structure,  owing  to  the  presence  of  a  number  of  vertical 
pulp-canals.  In  the  fore-limb  the  pollex  is  absent,  but  the  hind- 
limb  has  five  digits.  The  femur  has  a  third  trochanter,  and  the 
terminal  digits  are  provided  with  moderate-sized  claws,  suitable  for 
digging  the  burrows  in  which  these  creatures  dwell.  At  the  present 
day  Orycteropus  is  mainly  characteristic  of  the  Ethiopian  r^on, 
although  one  of  the  two  species  ranges  into  Egypt     Till  very  re- 


Digitized  by  LjOOQ  IC 


ORDER  EDENTATA.  1 29 1 

cently  nothing  was  known  of  the  palaeontological  history  of  the 
family,  but  Dr  Forsyth-Major  has  recorded  a  species  from  the  Lower 
Pliocene  of  the  isle  of  Samos,  in  the  Turkish  Archipelago,  distin- 
guished from  the  existing  species  by  the  larger  size  of  the  lateral 


Fig.  xx6o.— Lateral  view  of  the  skull  of  Orycterofins  capensis.    Africa.     Reduced. 

metatarsals.  The  occurrence  of  this  species  seems  to  point  to  the 
conclusion  that  Asia  was  the  original  home  of  the  family. 

Family  MANiDiE. — The  Pangolins  (Manis)  of  India  and  Africa 
are  distinguished  from  all  other  Mammals  by  the  body  being  covered 
superiorly  with  a  coat  of  imbricated,  horny,  epidermal  scales. 
Teeth  are  absent ;  the  limbs  are  short  and  furnished  with  five  digits, 
of  which  the  terminal  claws  are  long,  curved,  and  bifid  at  the  extre- 
mities. The  humerus  has  an  entepicondylar  foramen,  but  there  is 
no  third  femoral  trochanter,  and  clavicles  are  wanting.  The  large 
Manis  gigantea  of  Western  Africa  is  found  in  a  fossil  state  in  the 
Pleistocene  cave-deposits  of  Southern  India;  while  in  the  Lower 
Pliocene  of  the  isle  of  Samos  we  have  a  species  three  times  the  size 
of  the  latter,  which  has  been  made  the  type  of  the  genus  Palceomanis. 
A  phalangeal  from  the  Indian  Siwaliks  described  as  Manis  appears 
to  belong  to  Chalicotherium, 

Family  DASYPODiDiE. — ^The  Armadillos  (fig.  1161)  of  South 
America  are  characterised  by  the  presence  of  a  bony  dorsal  carapace, 
composed  of  a  series  of  dermal  scutes,  of  which  a  certain  number 
are  always  arranged  in  movable  bands,  while  the  others  may  be 
articulated  together  into  solid  scapular  and  pelvic  bucklers,  as  in  fig. 
II 6 1.  The  frontal  region  of  the  skull  also  has  a  buckler;  while 
the  tail  is  defended  by  rings  or  tubercles  of  bone.  In  the  existing 
genera  the  teeth  are  simply  conical ;  and  in  Tatusia  all  except  the 
last  have  milk  predecessors.  Many  of  the  cervical  vertebrae  are 
anchylosed  together ;  and  the  stout  humerus  has  an  entepicondylar 
foramen,  and  the  femur  a  third  trochanter.  The  fore-feet  are  pro- 
vided with  very  strong  curved  claws ;  and,  like  the  Manida,  the 
existing  forms  are  of  burrowing  habits.  The  Pleistocene  cave- 
deposits  of  Brazil  yield  remains  of  some  existing  and  some  extinct 
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species  of  the  genera  Dasypus,  Tatima^  Tolypeutes  (h^^,  1161),  and 
Xenurus,  In  the  Pleistocene  of  Argentina  we  meet  with  a  large 
extinct  type  known  as  Eutatus^  which  is  characterised  by  the  whole 
of  the  carapace  consisting  of  movable  bands,  which  are  thirty-three 
in  number.  The  Tertiaries  of  the  same  region  have  also  yielded  a 
much  larger  form  known  as  Dasypotherium^  which  appears  to  con- 
nect the  living  forms  with  the  next  genus.  There  were  eight  lower 
teeth,  of  which  the  second  appears  to  have  been  enlarged,  as  in 
some  species  of  Mylodon,     The  most  remarkable  genus  is,  however, 


Fig.  zi6x. — The  three«banded  Armadillo  {Tolyheutes  conurus).     South  America. 
One-third  natural  size.    (After  Murie.) 

ChJamydotherium^  of  the  South  American  Pleistocene,  in  which  the 
teeth  approximate  in  structure  to  those  of  the  next  family.  The 
carapace  has  several  movable  bands ;  and  the  largest  species  is  con- 
sidered to  have  equalled  the  bulk  of  a  Rhinoceros.  The  existing 
Armadillos  are  therefore  dwarfs  by  the  side  of  these  huge  allies  of 
an  earlier  epoch. 

Family  GLVPTODONTiDiE. — In  this  extinct  American  family  the 
body  was  covered  by  a  carapace  as  in  the  Armadillos ;  but  this 
carapace  (fig.  1162)  has  no  movable  bands,  so  that  the  animal 
could  not  roll  itself  up;  and  since  the  fore-feet  have  short  thick 
toes,  it  is  evident  that  the  habits  of  this  group  were  not  fossoriaL 
The  carapace  usually  has  its  component  scutes  united  by  suture, 
but  in  one  genus  they  were  separate;  the  scutes  are,  moreover, 
usually  ornamented  with  a  sculpture,  which  varies  in  the  different 
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genera  and  species ;  but  they  may  be  either  plain  or  tuberculated. 
There  is  usually  a  ventral  buckler  (never  found  in  the  Armadillos), 


Fi^.  \\t^.—Clypiodon  clavi^s;  PleUtocene,  South  America.     Reduced  greatly.    The  tail  is 
incorrealy  restored,  and  it  U  probable  that  the  figured  portion  belongs  to  Ho^lophorus, 


and 


the    Uil 
8 


Fig.  1 163.— Grinding  surface  of  two  teeth  of 
Glyptodon  reticulatus  :  from  the  Pleistocene  of 
South  America. 


is    enclosed   in   a  complete   bony   sheath.      The 
teeth  are  ^  in  number,  and  have  two  deep  grooves  on  either  side 

o 

dividing  them  into  three  nearly 
distinct  lobes  (fig.  11 63);  the 
generic  name  being  derived  from 
this  grooving  or  fluting.  The 
facial  part  of  the  cranium  is  char- 
acterised by  its  extreme  shortness 
{fi%,  ii63^>);  and  there  is  a 
long  descending  maxillary  pro- 
cess in  the  zygomatic  arch.  Nearly  the  whole  of  the  vertebral 
column  is  anchylosed  into  a  long  tube,  but  there  is  a  complex 
joint  at  the  base  of  the  neck.  This 
family  is  mainly  characteristic  of 
South  America;  but  species  of 
Glyptodon  ranged  as  far  as  Mexico 
and  Texas  into  North  America. 
Great  confusion  has  arisen  in  re- 
spect to  the  classification  of  the 
Glyptodonts,  owing  to  the  diffi- 
culty of  referring  isolated  caudal 
sheaths  to  their  proper  carapaces. 
The  forms  with  a  solid  carapace 
may,  however,  be  arranged  as  fol- 
lows. In  Hoplophorus  the  scutes 
of  the  carapace  are  sculptured,  and 
often  comparatively  thin,  the  peripheral  series  being  flat ;  while  the 
caudal  sheath  has  several  movable  rings,  and  terminates  in  a  long 


Fig.  1 162  Sit. — Left  lateral  view  of  the 
skull  of  Glyptodon  ;  from  the  Pleistocene 
of  South  America.  One-tenth  natural 
size.    (After  Burmeister). 
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subcylindrical  tube  (fig.  1 1 64),  ornamented  with  a  number  of  large 
disks,  surrounded  by  a  series  of  much  smaller  ones.  It  is  con- 
sidered probable  that  the  caudal  tube  represented  in  fig.  1162 
belongs  to  this  genus.  The  humerus  has  an  entepicondylar  foramen, 
and  there  are  four  complete  digits  to  each  foot.  An  allied  form, 
from  the  infra-Pampean  of  Patagonia,  has  received  the  name  of 
Palahoplophorus ;  while  the  terminal  tube  of  a  caudal  sheath  from 
Uruguay  has  been  made  the  type  of  the  genus  Eleutherocercus. 
The  latter  specimen  is  characterised  by  its  loose  attachment  to  the 
enclosed  vertebrae,  and  by  the  great  number  of  perforations  for 
bristles,  so  that  the  tail  of  the  living  animal  must  have  resembled 
a  huge  bottle-brush.     The  genus  Panochthus  is  characterised  by  the 


Fig.  Z164. — ^Thc  incomplete  terminal  tube  of  the  caudal  sheath  oi  Ho^lophcrus ;  from  the 
Pleistocene  of  South  America.    One-third  natural  sue. 

excessive  thickness  of  its  carapace,  the  scutes  of  which  are  tubercu- 
lated,  and  by  a  caudal  sheath  composed  proximally  of  several 
movable  rings,  but  terminating  in  a  long  compressed  tube  oma- 
mented  with  tubercles,  of  which  some  were  of  very  large  dimensions, 
and  marked  with  a  radiate  sculpture.  In  Euryurus  the  caudal 
sheath  is  of  somewhat  similar  type,  but  the  scutes  of  the  carapace 
are  simply  rugose.  Dcedicurus^  again,  also  has  the  scutes  of  the 
carapace  rugose,  but  the  terminal  tube  of  the  caudal  sheath  is 
enlarged  into  a  flattened  club-like  expansion,  covered  with  coarse 
tubercles,  interspersed  with  a  few  larger  rough  disks  having  a  radiate 
sculpture ;  these  disks  having  probably  been  surmounted,  as  in 
Panochthus^  with  horny  epidermal  spines.  The  type  species  at- 
tained a  length  of  about  12  feet.  Finally,  in  Giyptodon  (fig.  1162), 
with  which  Schistopleurum  is  probably  identical,  the  scutes  of  the 
carapace  had  a  rosette-like  sculpture,  the  peripheral  ones  being 
raised  into  conical  prominences,  and  the  caudal  sheath,  at  least 
in  several  species,  was  entirely  composed  of  a  series  of  mo\'able 
rings,  ornamented  with  large  conical  tubercles.  The  humerus  was 
devoid  of  an  entepicondylar  foramen ;  and  while  there  were  five 
complete  digits  in  the  manus,  those  of  the  pes  were  reduced  to  four. 
Thoracophorus  differs  from  all  the  foregoing  in  having  the  scutes  of 
the  carapace  separated  from  one  another,  and  thereby  approximates 
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to  some  of  the  Megatheriida^  in  which  there  were  a  number  of  small 
ossicles  embedded  in  the  dermis  of  the  dorsal  region.  A  similar  con- 
dition prevails  in  Carioderma^  of  the  Loup-Fork  beds  of  Texas. 

Family  MYRMECOPHAGiDiE. — This  family  comprises  the  true 
Ant-eaters  of  South  America,  represented  by  the  genera  Myrmeco- 
phaga,  Tamandua^  and  Cydoturus;  but  appears  to  be  unknown  in  a 
fossil  state.  The  jaws  are  entirely  destitute  of  teeth ;  the  body  is 
clothed  with  hair ;  the  tail  is  long ;  there  are  either  four  or  ^\t.  digits 
in  the  pes  ;  and  the  third  digit  of  the  manus  is  the  longest. 

Family  MEGAXHERiiDiE. — The  members  of  this  family  are  en- 
tirely extinct,  and  are  confined  to  the  New  World.  They  comprise 
a  number  of  very  large  forms  adapted  solely  for  walking  on  the 
ground,  and  showing  in  their  skeletal  organisation  characters  inter- 
mediate between  the  preceding  and  the  following  families.  Thus, 
while  their  vertebrae  and  limbs  are  constructed  like  those  of  the 
Myrmecophagidce^  their  crania  and  dentition  resemble  those  of  the 


Fig.  xi6$.—Me£^thtrium  nmericanum  ;  from  the  Pleistocene  of  South  America. 
Much  reduced. 

Bradypodida,  One  species  of  the  genus  Scelidotherium  approxi- 
mates, however,  in  cranial  characters  to  the  former  family ;  and  it 
is  probable  that  the  whole  three  families  have  originated  from  a 

single  stock.     The  number  of  the  teeth  is  usually  - ;  and  the  first 

4 
and  second  teeth  may  be  either  in  apposition  or  separated  by  an 
interval  The  femur  has  no  third  trochanter ;  and  the  under  sur- 
face of  the  odontoid  process  of  the  axis  vertebra  presents  a  peculiar 
flattened  surface  for  articulation  with  the  atlas.  The  type  genus 
Megatherium  ^  is  found  in  the  Pleistocene  of  both  South  and  North 

'This  name  should  properly  be  Megalotherium^  but  its  antiquity  renders  it 
somewhat  sacred. 
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America  ;  the  typical  M.  americanum  (fig.  1 165)  of  the  former  r^on 
being  fully  equal  in  bulk  to  the  largest  species  of  Rhinoceros.  The 
teeth  (fig.  1 1 66)  consist  of  square  prisms,  wearing  into  trans^^erse 
ridges  through  the  presence  of  two  vertical  plates  of  hard  dentine 
intercalated  between  softer  dentine  and  cement ;  they  are  similar  in 


Fig.  wt/d,— Megatherium  americanum. — Oral  surface  of  the  mandible ;  from  ibe 
Pleistocene  of  Buenos  Ayres.     Reduced. 

Structure,  and  are  all  in  contact.  The  feet  are  provided  with  power- 
ful and  huge  claws,  the  third  digit  in  each  foot  being  the  longest ; 
and  the  humerus  has  no  foramen. 

There  are  indications  that  the  snout  was  prolonged,  and  more  or  less 
flexible  ;  and  the  tongue  was  probably  prehensile.  From  the  characters 
of  the  molar  teeth  it  is  certain  that  the  Megathere  was  purely  herbivorous 
in  its  habits  ;  and  from  the  enormous  size  and  weight  of  the  body  it  is 
equally  certain  that  it  could  not  have  imitated  its  modem  allies,  the 
Sloths,  in  the  feat  of  climbing,  back  downwards,  amongst  the  trees.  It 
is  clear,  therefore,  that  it  sought  its  sustenance  upon  ^e  ground,  and  it 
was  originally  supposed  to  have  lived  upon  roots ;  but  by  a  masterly 
piece  of  deductive  reasoning.  Sir  R.  Owen  showed  that  this  great 
Ground-sloth  lived  upon  the  foliage  of  trees,  like  the  existing  Sloths— 
but  with  this  difference,  that  instead  of  climbing  amongst  the  branches, 
it  actually  uprooted  the  tree  bodily.  In  this  tour  deforce^  the  animal  sat 
upon  its  huge  haunches  and  mighty  tail,  as  on  a  tripod,  and  then  grasp- 
ing the  trunk  with  its  powerful  arms,  either  wrenched  it  up  by  the  roots 
or  broke  it  short  off  above  the  ground.  Marvellous  as  this  may  seem,  it 
can  be  shown  that  every  detail  in  the  skeleton  of  the  Megathere  accords 
with  the  supposition  that  it  obtained  its  food  in  this  way. 

A  smaller  but  allied  form  from  the  Pleistocene  of  South  America 
has  been  named  Oracanthus^  but  since  this  term  is  preoccupied  by 
a  genus  of  Palaeozoic  Fishes,  it  should  be  changed.  The  genus 
Scelidotherium  (fig.  1167),  which  may  be  taken  to  include  Platy- 
onyx,  and  likewise  occurs  in  the  South  American  Pleistocene,  com- 
prises a  number  of  species,  and  has  characters  in  some  respects 
intermediate  between  the  preceding  and  the  following  genera.  The 
teeth  in  the  upper  jaw  have  an  irregularly  oval  section,  while  those 
of  the  mandible  are  usually  subtriangular ;  the  whole  of  the  series 
are  in  contact,  and  their  crowns  do  not  wear  into  ridges.     The 
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cranium  is  low  and  elongated ;  and,  especially  in  the  type  species 
(fig.  1 1 68),  approximates  to  that  of  the  Mymucophagida,  The 
length  of  the  nasals  is  subject  to  great  variation  in  the  different 


Fig.  1 1 68.— Frontal  aspect  of  the  cranium  ol  SceUdotkerium  Upioce^aium  ;  from  the 
Pleistocene  of  South  America.    One-sixth  natural  size. 

species.  The  structure  of  the  feet  shows  a  marked  deviation  from 
that  of  Megatherium  ;  and  the  humerus  was  usually  provided  with 
a  foramen.  The  figure  of  the  skeleton  is  taken  from  a  specimen 
in  the  museum  at  Bologna.     The  genus  Mylodon  (fig.  1 1 69)  com- 


Fig.  X169. — Mylodon  robuxtusl  from  the  Pleistocene  of  South  America.     Much  reduced- 

prises  another  group  of  large  Ground-Sloths,  which  has  been  split 
up  by  some  WTiters  into  the  genera  Lestodon,  Pseudolestodon^  Grypo- 
therium^  &c.,  according  to  certain  not  very  important  differences  in 
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the  structure  and  mode  of  arrangement  of  the  teeth.  In  the  upper 
jaw  the  teeth  are  usually  subtriangular  or  oval  in  transverse  section, 
and  in  typical  species  there  is  only  a  short  interval  between  the  first 
and  second  tooth  in  each  jaw,  and  the  former  is  worn  horizontally ; 
but  in  other  species  there  is  a  considerable  interval  between  the 
two,  and  the  first  is  worn  obliquely,  as  in  certain  Sloths.  The 
humerus  has  no  entepicondylar  foramen ;  and  in  the  shortness  of 
the  skull  and  the  characters  of  the  teeth  this  genus  approaches 
nearer  to  the  modem  Sloths  than  any  other  member  of  the  family. 
The  best  known  species  is  the  South  American  Mylodon  rohustus 
(fig.  1 1 69),  which  was  smaller  than  Megatherium  americanum^  its 
length  being  about  1 1  feet ;  but  M,  armatus  (the  type  of  the  so- 
called  Lestodon\  from  the  same  country,  is  considerably  larger.  The 
type  species  is  M,  Harlani^  from  the  Pleistocene  of  "Big-bone 
Lack,"  in  Kentucky,  North  America;  while  the  Patagonian  M, 
Darwini  is  a  very  aberrant  form,  regarded  by  some  writers  as 
generically  distinct,  and  named  Grypotherium,  There  are  numer- 
ous small  dermal  scutes,  which  dp  not  articulate  with  one  another. 
Megalonyx^  from  the  Pleistocene  of  North  America,  is  an  allied 
genus,  characterised  by  the  long  interval  between  the  large  first  and 
the  smaller  second  tooth,  and  also  by  the  presence  of  an  entepi- 
condylar foramen  to  the  humerus.  The  type  species  is  M,  Jeffer- 
soniy  from  Kentucky  and  Tennessee ;  while  M,  cubensis^  from  the 
Pleistocene  of  Cuba,  has  been  separated  by  some  writers  under 
the  name  of  Megalochnus  {Myofnorphus).  Another  form  hitherto 
known  as  Caiodon^  but  which  may  be  named  Nothrotherium^  on 
account  of  the  preoccupation  of  the  former  term,  occurs  in  the  Pleis- 
tocene cave-deposits  of  Brazil,  and  agrees  with  Megalonyx  in  the 
structure  of  its  limbs,  but  has  teeth  of  the  type  of  those  of  Mega- 

theriutn^  although  their  number  is  reduced  to  - ;  the  type  species 

3 
considerably  exceeded  in  size  the  largest  Ant-eater  of  the  present 
day. 

The  Mammals  from  the  Lower  Pliocene  and  Miocene  of  North 
America  which  have  received  the  names  Moropus  and  Morotherium^ 
and  are  regarded  by  Professor  Marsh  as  forming  the  type  of  a 
distinct  family  of  Edentates — the  Moropodida — probably  belong  to 
the  Ungulate  family  Chalicotheriida, 

Family  BRADVPODiDiE, — This  family  is  entirely  confined  to  South 
America,  and  now  comprises  two  genera  of  comparatively  small 
animals  which  are  of  exclusively  arboreal  habits.     The  body  is 

clothed  with  coarse  hair :  the  teeth  are  -  in  number  in  each  jaw, 

4 
and  are  of  subcylindrical  form,  with  a  central  axis  of  soft  dentine. 
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surrounded  by  a  coat  of  a  harder  kind  of  the  same  substance.  The 
fore-limbs  are  enormously  elongated ;  and  both  the  manus  and  pes 
are  furnished  with  long,  curved  claws ;  the  number  of  digits  never 
exceeding  three  in  each  foot.  The  skull  (fig.  1170)  is  short,  with  a 
descending  maxillary  process  to  the  zygoma ;  and  the  tail  is  rudi- 
mentary. In  Bradypus  (fig.  1 170)  the  first  tooth  is  equal  in  size  to 
the  second,  and  is  worn  horizontally ;  while  the  digits  are  reduced 
to  two.  In  Cholcepus^  however,  the  first  tooth  is  considerably  larger 
than  the  second,  from  which  it  is  separated  by  a  much  longer 
interval  than  in  BradypuSy  and  wears  obliquely;  while  there  are 
three  digits  to  each  foot.     The  only  known  fossil  form  is  from  the 


Fig.  XI 70. — ^yxW  ol  Bradypus  gularis.    Recent.    South  America.     Reduced. 

Pleistocene  of  Argentina,  and  has  been  named  Nothropus  prisms ; 
it  appears  to  have  been  about  twice  the  bulk  oi  Bradypus  didactyhtSy 
and  has  the  first  lower  tooth  separated  by  a  very  long  interval  from 
the  second,  although  it  is  of  smaller  size;  the  cranium,  upper 
dentition,  and  feet  are  unknown. 

Order  IV.  Cetacea. — The  Cetacea  form,  perhaps,  the  most 
readily  defined  and  sharply  differentiated  order  in  the  whole  class. 
Their  contour  is  fish-like,  the  body  being  fusiform,  and  passing  im- 
perceptibly into  the  head  without  any  distinct  external  neck,  and 
posteriorly  gradually  tapering  to  the  extremity  of  the  tail,  which  is 
furnished  with  a  pair  of  horizontally-expanded  "  flukes,"  formed  of 
dense  fibrous  tissue  covered  with  skin  (fig.  11 78).  The  head  is 
frequently  very  large,  and  may  be  as  much  as  one-third  the  total 
length  of  the  animal.  The  pectoral  limbs  are  reduced  to  ovoid, 
paddle-like,  organs;  and  there  are  no  external  traces  of  pelvic  limbs. 
The  skin  is  smooth  and  without  hair;  although  bristles  may  be 
present  in  the  neighbourhood  of  the  mouth,  more  especially  in 
young  individuals.  Frequently  there  is  a  median  dorsal  fin  (fig. 
1 1 78),  which  however  has  no  bony  supports.  Both  the  eye  and  the 
external  auditory  aperture  are  small ;  the  former  having  no  nictitating 
membrane,  and  the  latter  no  pinna.     The  nostrils  open  by  a  single 
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or  double  aperture  usually  near  the  vertex  of  the  skull.  The  bones 
are  usually  of  a  spongy  nature,  and  contain  a  large  amount  of  oil. 
The  cervical  region  of  the  vertebral  column  is  always  very  short ; 
and  the  seven  component  elements  may  be  partially  or  completely 
fused  together,  while  the  odontoid  process  of  the  axis  when  present 
is  short  and  blunt,  and  may  be  entirely  want- 
ing. None  of  the  vertebrae  unite  to  form  a 
sacrum.  The  lumbar  and  caudal  vertebrae 
are  large  and  numerous,  and  from  the  ab- 
sence of  zygapophysial  articulations  allow  of 
a  large  amount  of  motion  in  the  hinder  part 
of  the  body ;  the  presence  of  chevron-bones 
distinguishes  the  caudals  from  the  lumbars.  '"-- 
The  terminal  epiphyses  of  the  vertebrae  do 
not  unite  with  the  centra  till  the  animal  is  ^  1 
fully  adult.  The  cranium  presents  peculiar 
features  which  it  will  not  be  necessary  to 
describe  here ;  although  it  may  be  mentioned 
that  the  usually  small  nasals  are  generally 
brought  up  near  to  the  vertex,  and  that  there 
is  a  more  or  less  elongated  rostrum  in  ad- 
vance of  the  external  nares,  formed  by  the 
premaxilla,  maxilla,  mesethmoid,  and  vomer. 
Clavicles  are  absent;  the  scapula  and  hu- 
merus are  well  developed  and  freely  mov- 
able upon  one  another,  but  the  anterior 
bones  of  the  limb  admit  of  only  a  very 
slight  amount  of  movement.  There  are 
usually  five  digits  in  the  manus  (fig.  1171), 
but  these  may  be  reduced  to  four;  the 
phalangeals  are  unique  among  Mammals  in 
exceeding  the  number  of  three  to  a  single 
digit,  and  also  in  being  furnished  with  epi- 
physes. The  pelvis  is  represented  by  a  pair  theTef"p^rai  iiinb*??ii?c 
.of  styliform  bones,  which  are  regarded  as  S?)?^*RcducSL'^'^^ 
the  ischia  :  and  there  are  occasionally  small  «.  uina :  c,  Carpus  (the  letter 

.-       ^.  .,  ^'  ^1         placed    on    the    scaphoid    or 

ossifications     or     cartilages     representing     the    radiate):  mi-ms,  Metacarpus ; 

aborted  bones  of  the  proximal  part  of  the  FWr./'^'^*'^^    ^'^''' 
hind  limb.     Teeth  are  usually  present,  but 
are  very  variable  in  number  and  size.     The  dentition  in  existing 
forms   is  homoeodont  and  monophyodont,  but  it  was  heterodont 
in  the  extinct  Zeuglodontida  of  the  Eocene. 

The  Cetacea  are  not  known  with  certainty  before  the  Eocene, 
and  are  most  abundant  in  the  later  Tertiary  periods.  The  denti- 
tion of  the  Eocene  Zeuglodontida  indicates  that  the  order  has  been 
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probably  derived  from  Mammals  with  a  heterodont  dentition ;  and 
Professor  Flower  comes  to  the  conclusion  that  it  is  most  probable 
that  their  ancestors  were  allied  to  the  Ungulata ;  while  from  the 
absence  of  Cetacean  remains  in  the  Cretaceous  the  same  authority 
thinks  that  the  earlier  members  of  the  order  were  inhabitants 
of  freshwater.  With  the  exception  of  the  Platanistida  and  some 
Delphinida^  all  existing  Cetaceans  are  of  marine  or  estuarine 
habits. 

In  their  increased  number  of  phalangeals  (hyperphalangism)  the 
Cetacea  resemble  the  Reptilian  Ichthyosaurida  and  Plesiosaurida^  and 
from  this  circumstance,  coupled  with  their  simple  type  of  teeth,  it  has 
been  argued  that  they  represent  the  most  archaic  type  of  Mammals,  and 
even  that  they  are  directly  descended  from  the  Ichthyosaurs.  As  already 
mentioned  there  are,  however,  many  practically  decisive  objections  to 
these  views. 

For  the  determination  of  fossil  Cetaceans  the  solid  tympanic  and 
petrosal  bones  of  the  internal  ear,  and  less  frequently  the  cranial 
rostrum,  are  of  especial  importance,  since  these  parts  are  generally 
well  preserved. 

Suborder  i.  Mvstacoceti. — In  this  suborder,  commonly  known 
as  the  Whalebone  Whales,  functional  teeth  are  never  present,  al- 
though germs  may  be  developed 
in  the  gums;  "  baleen"  or  whale- 
bone is  always  attached  to  the 
palate ;  the  tympanic  bone  (fig. 
1 1 72)  is  anchylosed  to  the  peri- 
otic  and  involuted  upon  itself; 
the  nasal  passages  are  roofed  in 
by  the  nasals,  the  lachrymal  is 
small  and  distinct  from  the 
jugal ;  and  the  rami  of  the  man- 
dible are  laterally  curved,  and 
do  not  meet  in  a  symphysis. 

Family  BAL«NiDiE.  —  The 
only  family  of  this  suborder 
may  be  divided  into  the  Bala- 
nine  and  Balcenopterine  sec- 
tions. In  the  first  of  these  there 
is  often  no  dorsal  fin,  the  tympanic  i^g,  1172)  has  a  characteristic 
flattened  and  angulated  shape,  and  some  or  all  of  the  cervical  ver- 
tebrae are  at  least  usually  fused  together.  Remains  of  the  genus 
Balana  (including  BalcBnotus  and  Balanula)  occur  abundantly  in 
the  Pliocene,  and  especially  in  the  English  and  Belgian  Crags.  One 
of  these  fossil  species  {B.  affinis)  is  closely  allied  to  the  Greenland 
Whale  (fig.  1 1 73);  while  B,  primigenia  is  more  nearly  related  to 


Fig.  117a.— Inner  view  of  the  right  tympanic 
f  the  Greenland  Wh  "    "    " 
One<third  natural  size. 


of  the  Greenland  Whale  {Baltena  tnvstacetus). 
■^       "^ '   '  ■    '         (After  Gray.) 
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the  Right  Whales  of  the  Southern  Seas.  Palaocetus^  which  has  been 
regarded  by  its  describer  as  of  Mesozoic  age,  may  be  provisionally 
referred  to  this  section ;  the  type  was  probably  obtained  from  the 
Red  Crag.  In  the  Balanopterine  section  a  dorsal  fin  is  very  gene- 
rally present  (whence  the  name  "  Finners  "  applied  to  many  of  these 


Fig.  XI 73.— Left  lateral  view  of  the  skull  of  the  Greenland  Whale  {Baiana  mjfstacftus). 
Greatly  reduced.    (After  Owen.) 

VVhales);  the  cervical  vertebrae  are  free,  and  thicker  than  in  the 
Balanine  section;  and  the  tympanic  (fig.  11 74)  is  longer,  more  in- 
flated, and  more  rounded  than  in  the  latter.  The  existing  genus 
Megaptera  (in  which  may  be  included  the  fossil  Burtinopsis)  is 
abundantly  represented  in  the  Pliocene  Crags  of  both  England  and 
Belgium.  Baianoptera  also  occurs  commonly  in  the  same  deposits  ; 
B,  defifuta  being  apparently  nearly  allied  to  the  existing  B,  sibbald\ 


Fig.  1x74. — Inner  view  of  the  right  tvmpanic  of  a  Rorqual  {BaUtnoptera  musculus). 
Recent.    One-half  natural  size.    (After  Gray.) 


which  attains  a  length  of  80  feet ;  while  B,  emarginata  comes  nearer 
to  the  living  B,  rostrata,  which  is  seldom  more  than  30  feet  in  length, 
Cttotherium  (including  Cetotheriophanes^  Plesiocetus^  and  PUsiocet- 
opsis)  is  characterised  by  the  narrowing  of  the  anterior  extremity  of 
the  tympanic,  and  is  likewise  found  in  the  Crags  and  other  Pliocene 

VOL.  IL  2D 
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beds ;  while  Herpetocetus  from  the  same  deposits  is  an  allied  genus 
with  an  egg-shaped  tympanic,  and  a  talon  to  the  mandibular  condyle, 
which  recalls  that  of  Physeter,  The  names  Amphicetus,  Idiocttus^ 
IsocetuSy  Heterocetus^  and  Mesocetus,  have  been  applied  to  Cetaceans 
from  the  Belgian  Crag,  most  or  all  which  may  apparently  be  in- 
cluded in  Cetotherium,  Lastly,  a  vertebra  from  the  Upper  Eocene 
of  Hampshire  has  been  referred  to  Balanoptera^  but  this  reference 
requires  confirmation. 

Suborder  2.  ARCHiEOCEXi. — ^This  suborder  is  confined  to  the 
Eocene  and  Lower  Miocene,  and  may  be  characterised  by  the  long 
nasals,  and  the  presence  of  teeth  differentiated  into  groups  in  both 
jaws. 

Family  ZEUGLODONTiDiE. — In  the  one  genus  of  the  only  known 

family  the  dental  formula  is  /.  2,  C  i,     Ptn.  ^  M,   ^.      The  cut- 

3         I  5 

ting-teeth  are  simple  and  pointed;  but  the  cheek-teeth  (fig.  11 75) 


Fig.  XX 75. — ZtHglodon  cetoides;  from  the  Middle  Eocene  of  Nortli 
America.  A,  Left  lateral  aspect  of  cranium,  much  reduced ;  b.  An  upper 
molar  tooth  less  reduced.    (After  Gaudry.) 

have  two  distinct  roots,  and  compressed,  pointed 
crowns  with  denticulated  cutting-edges.  The  cra- 
nium is  elongated  and  depressed ;  the  brain-cavity 
is  small ;  the  temporal  fossae  and  the  sagittal  crest 
are  large ;  the  cranial  rostrum  is  long,  and  on  the 
sides  largely  composed  of  the  premaxillae ;  the  nasals  are  long,  flat, 
and  narrow ;  and  the  external  nares  are  placed  more  anteriorly  than 
in  living  Cetaceans.  All  the  cervical  vertebrae  are  free,  while  those 
of  the  lumbar  region  are  unusually  elongated ;  but  the  nature  of  the 
limbs  is  not  known.  In  their  dentition,  as  well  as  in  the  characters 
of  the  skull — especially  the  long  nasals  and  the  forward  position  of 
the  nares — the  Zeuglodonts  depart  less  markedly  from  Uie  general 
plan  of  Mammalian  structure  than  any  existing  members  of  the 
order  ;  and  it  is  remarkable  that  the  Mystacoceti  show  a  nearer  re- 
semblance in  cranial  structure  to  these  fossils  than  is  made  by  the 
Odontoceti.  The  one  genus  Zeuglodon  is  known  from  the  Iowa* 
Tertiaries  of  Egypt,  England,  and  North  America ;  the  remains  of 
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the  typical  Z  cetoides  being  extraordinarily  abundant  in  parts  of  the 
latter  country,  where  they  have  been  weathered  out  of  a  deposit  of 
Middle  Eocene  age. 

Suborder  3.  Odontoceti. — All  living  Cetaceans  not  included  in 
the  Mystacoceti  belong  to  this  suborder,  which  is  characterised  by 
the  presence  of  calcified  teeth  after  birth ;  the  functional  ones  being 
generally  numerous,  but  sometimes  reduced  to  a  single  pair  (occa- 
sionally wanting).  Baleen,  or  whalebone,  is  invariably  absent ;  the 
cranium  is  more  or  less  unsymmetrical ;  the  nasals  are  reduced  to 
mere  bony  nodules  which  do  not  roof  over  the  narial  passages ;  the 
lachrymal  is  either  united  to  the  jugal,  or  of  very  large  size ;  and 
the  mandibular  rami  are  nearly  straight,  and  meet  in  a  median  sym- 
physis. The  tympanic  is  not  anchylosed  to  the  periotic,  and  has 
not  the  completely  involuted  structure  found  in  the  Mystacoceti. 

Family  PHVSETERiDiE. — In  this  family  there  are  no  functional 
teeth  in  the  upper  jaw ;  and  the  anterior  facet  of  the  periotic  for 
articulation  with  the  tympanic  is  smooth  i^g.  1176),  while  the  pos- 
terior tympanic  surface  of  the  former  bone  is  broad,  with  a  distinct 
median  ridge.  In  recent  genera  some  or  all  of  the  cervical  vertebrae 
are  fused  together.  This  family  is  divided  into  the  two  subfamilies 
Physeterinct  and  ZiphiituB,  In  the  former,  which  comprises  the 
existing  Cachalot,  or  Sperm  Whale  {Physeter\  and  the  Short-nosed 
Cachalot  (Cogia),  the  mandibular  teeth  are  numerous  and  implanted 
in  a  long  groove  partly  divided  by  imperfect  septa.  Remains  of  the 
gigantic  Sperm  Whale  (P,  macrocephalus)  are  found  in  the  English 
Forest-bed,  and  also  in  the  Pleistocene  of  South  America;  the  large 
teeth  have  no  enamel  at  their  summit  Allied  to  this  genus  are 
Euatus  from  the  English  and  Belgian  Crags,  and  Physetodon  from 
the  Pliocene  of  Australia ;  while  Physeteruia  is  a  genus  founded  on 
a  whale  from  the  former  deposits,  which  does  not  exceed  some  20 
feet  in  length.  A  number  of  Pliocene  and  Miocene  forms  appa- 
rently allied  to  the  Cachalot, 
but  with  the  crowns  of  the 
teeth  tipped  with  enamel,  have 
been  described  as  Balanodon^ 
Scaldiceius^  Hoploatus^  Physodon^ 
and  ZipJuaides ;  Hoplocetus  and 
Physodon  comprise  comparatively 
small  species  from  the  English 
and  Belgian  Crags  and  the  French 
Miocene ;  while  Ziphioides  is  from  '''\i:$-Z^^^^,^%^Xctf 
the  Middle  Miocene  of  Baltringen 

in  Wiirtemberg.  In  the  Ziphiine  subfamily,  comprising  the  existing 
Bottle-nosed  {Hyperihdon)  and  Beaked-Whales  (Ziphius  and  Meso- 
plodon\  all  the  mandibular  teeth,  with  the  exception  of  one  or 
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occasionally  two  pairs,  are  rudimentary.  Hyperoodan  is  represented 
in  the  Crags  of  England  and  Belgium.  These  beds  also  yield  the 
extinct  genus  Choneziphius^  as  well  as  several  species  belonging  to 
the  living  genus  Mesoplodotty  which  is  distinguished  from  Chone- 
ziphius  by  the  complete  ossification  in  the  adult  of  all  the  elements 
comprising  the  cranial  rostrum.  The  Crag  species  of  Mesoplodon 
are  mainly  known  by  these  solid  rostra,  which  in  the  living  species 
are  composed  of  dense  ivory-like  bone,  and  are  the  most  solid  bones 
found  in  the  whole  of  the  Vertebrata.  The  periotics  (^g,  1 1 76)  are 
more  rarely  found,  but  are  equally  characteristic 

Family  Platanistid^. — This  family,  which  is  now  represented 
by  Platanista  of  the  Ganges,  and  Inia  and  Pontoporia  of  the  great 
rivers  of  South  America,  is  characterised  by  the  large  number  of 
simple  teeth  in  the  elongated  jaws,  and  by  the  length  of  the  man- 
dibular symphysis  exceeding  half  that  of  the  entire  mandible.  None 
of  the  cervical  vertebrae  are  anchylosed  together.  Remains  allied 
to  Pontoporia  were  found  by  Bravard  in  the  Pleistocene  of  South 
America,  but  these  are  referred  by  some  authorities  to  a  distinct 
genus  under  the  name  of  Pontistes  or  Palaopontoporia.  The  extinct 
genera  Champsodelphis  and  Schizodelphis^  of  the  European  Pliocene, 
are  usually  referred  to  this  family,  but  the  latter  approximates  to  the 
Delphinida, 

Family  Squalodontid^e. — The  extinct  Squalodonts  were  for- 
merly classed  with  the  Zeughdontida^  but  the  characters  of  the 
cranium  are  essentially  Delphinoid,  although  the  teeth  are  differenti- 


Fig.  1 177.— Three  lower  molars  oSSqualadom. ;  from  the  Miocene  of  Europe. 

ated  into  groups  as  in  the  former.  The  type  genus  Squalodon  ranges 
from  the  Middle  Miocene  to  the  Pleistocene  of  Europe,  and  is  also 
found  in  the  Tertiaries  of  North  America,  New  Zealand,  and  Aus- 
tralia.     The  teeth  may  be  arranged  as  /.  -,  C  -,  Pm.  ~,  M-  ] 

3147 
the  premolars  are  simple,  but  the  true  molars  {fig.   1177)  have 
double  roots,  and  crowns  very  like  those  of  Zeuglodan^  aithough 
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distinguished  by  the  denticulations  being  more  developed  on  the 
posterior  than  on  the  anterior  border.  The  so-called  Rhizoprion  is 
merely  a  species  of  this  genus. 

Family  DELPHiNiDiE. — In  this,  the  last  family  of  the  Cetacea, 
the  teeth  are  simple,  and  usually  numerous  in  both  jaws ;  and  the 
length  of  the  mandibular  symphysis  may  be  very  small,  and  never 
exceeds  one-third  of  that  of  the  entire  ramus.  The  periotics  (^g, 
1179),  which  are  frequently  found  in  a  fossil  condition,  are 
readily  distinguished  from  those  of  the  Physeteriday  by  having  the 
anterior  facet  which   articulates  with  the  tympanic  marked  by  a 


Fig.  1178.— llie  common  Dolphin  {DeiJ^kiuus  dtl^i).    Reduced. 


number  of  grooves,  as  well  as  by  the  narrowness  of  the  posterior 
half  of  their  tympanic  aspect.  This  family  comprises  all  the  Ceta- 
ceans commonly  known  as  Porpoises,  Grampuses,  Killers,  and  Dol- 
phins. Remains  of  the  Narwhal  {Monodon  monoceros)  are  found 
in  the  Norfolk  Forest-bed  and  the  Pleistocene  of  Alaska.  The 
genus  DelphinapteruSy  now  represented  by  the  "White  Whale," 
occurs  in  the  Lower  Pliocene  of  Tuscany,  as  well  as  in  the  Pliocene 
and  Miocene  of  other  parts  of  Europe.  An  extinct  species  of 
"Killer-Whale"  (flrcd)  is  found  in  both  the  Italian  and  English 
Pliocene.  The  existing  Globicephalus 
meiaSy  or  "  Black-fish,"  has  left  its  re- 
mains in  the  superficial  deposits  of 
Essex;  while  the  extinct  G,  unddens 
occurs  in  the  Suffolk  Crags.  A  left 
periotic  of  the  latter  species  is  repre- 
sented in  fig.  1 1 79,  in  order  to  show 
the  features  characteristic  of  this  family. 
The  existing  Fseudorca  crassidens  was 
originally  described  from  a  subfossil 
cranium  found  in  the  fens  of  Lincoln- 
shire. Of  the  smaller  Dolphins  it  is  probable  that  the  genera 
TursiopSy  Lagenorhynchusy  and  Delphinus  (as  now  restricted)  are  all 
represented  in  the  Pliocene  of  Europe.  Eurhinodelphis  is  a  long- 
snouted  genus  from  the  Pliocene  of  Belgium  and  Italy,  which  is 


Ghbicefktuut  uncitUns :  from  the 
Coralline  Crag  of  Suffolk. 
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probably  nearly  related  to  the  e3dsting  Sterw,  Delphinoid  remains 
from  the  Miocene  of  North  America  have  been  described  by  Pro- 
fessors Leidy  and  Cope  under  the  names  of  Priscodelphinus^  Tetro- 
sphys^  ZarhachiSy  Lophocetus^  Rhabdosteus^  IxacantkuSy  Anoplonassa^ 


z  180.— Skeleton  of  the  Manatee  {MattatMS  OMttraits),    Greatly  reduced. 


and  Orycterocetus ;  but  further  information  is  required  as  to  the 
affinity  of  these  forms  and  their  right  to  generic  distinction. 

Order  V.  Sirenia. — ^The  Sirenia,  now  represented  only  by  the 
Manatees  and  Dugongs,  agree  with  the  Cetacea  in  their  adaptation 
for  a  purely  aquatic  life,  and  accordingly  present  a  strong  general 
resemblance  in  their  external  contour  to  the  members  of  that  order. 
The  head  is,  however,  of  normal  relative  size ;  the  tail  has  a  hori- 


Fig.  itSi. — Dorsal  view  of  the  right  pectoral  limb  of  Manatus  austndis.    Much  reduced. 
«,  Scapula ;  A,  Humerus ;  r,  Radius ;  m.  Ulna ;  /,  PoUex. 

zontal  membranous  expansion ;  the  pectoral  limbs,  although  modified 
into  paddles  (fig.  1181),  retain  the  normal  number  of  phalangeals; 
all  external  traces  of  the  pelvic  limbs  are  wanting ;  and  the  surface 
of  the  body  is  either  naked  or  covered  with  sparse  bristles.  The 
lips  are  fleshy ;  the  nostrils  placed  near  the  extremity  of  the  muzzle 
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(fig.  1 1 80);  the  eyes  minute;  and  the  small  ear  has  no  external 
pinna.  The  bones  of  the  skeleton  are  extremely  dense  and  solid ; 
the  cervical  vertebrae  may  be  reduced  to  six,  but  are  never  anchy- 
losed  together ;  and  the  axis  has  a  well-developed  odontoid  process. 
The  vertebrae  have  no  epiphyses ;  and  none  of  them  unite  to  form 
a  sacrum.  Large  chevron-bones  are  present.  Clavicles  are  want- 
ing ;  and  no  recent  forms  show  any  trace  of  the  femur,  although  a 
stylifonn  rudiment  of  this  bone  is  found  in  the  extinct  Halitherium, 
The  two  bones  of  the  forearm  in  the  existing  genera  {^g,  1181)  are 
subequal  in  size,  and  frequently  anchylosed  together.  In  recent 
fonns  the  skull  (fig.  1 182)  is  remarkable  for  the  upward  direction 


Fig.  1189.— Ri^t  lateral  view  of  the  skulls  of  Halicore  (a)  and  Mamatut  (B)b    Much  reduced. 

of  the  narial  aperture,  and  for  the  absence  or  rudimental  condition 
of  the  nasals.  The  teeth  can  only  be  differentiated  in  the  living 
genera  into  incisors  and  cheek-teeth,  which  are  separated  from  one 
another  by  a  long  interval ;  but  in  one  fossil  genus  there  is  a  more 
complete  dental  series ;  while  in  Rhytina  these  organs  were  totally 
wanting.  In  the  existing  genera  the  dentition  is  monophyodont, 
but  milk-molars  occur  in  Halitherium.  This  order  is  known  from 
the  Eocene  upwards,  but  appears  to  have  been  steadily  dying  out 
to  the  present  period.  The  fossil  forms,  although  decidedly  more 
generalised  than  their  living  representatives,  do  not  at  present  afford 
any  clear  indication  as  to  the  origin  of  the  order. 

Family  HALicoRiDiE. — In  this  family  the  one  existing  genus 
Halicore  (Dugongs)  has  the  deflected  premaxillae  (fig.  1182,  a)  fur- 
nished with  a  pair  of  large  tusk-like  incisors;  and  there  are  also 
four  pairs  of  functionless  germs  of  cutting-teeth  in  the  similarly  de- 
flected mandibular  symphysis.  Five  or  six  cheek-teeth  are  devel- 
oped in  each  jaw,  which  are  usually  cylindrical,  and  all  grow  from 
persistent  pulps,  and  are  not  coated  with  enamel.  The  Dugongs 
inhabit  the  coasts  of  the  Red  Sea  and  the  Indian  Ocean.  Frohali- 
care^  from  the  Pliocene  of  France,  is  regarded  as  nearly  allied  to  the 
existing  genus.  The  only  other  form  which  has  been  referred  to 
this  family  is  known  by  a  molar  from  the  Tertiary  of  California, 
which  has  been  described  by  Professor  Marsh  under  the  name  of 
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Desmotylus.     Further  information  is,  however,  required  before  this 
reference  can  be  definitely  accepted. 

Family  HALiXHERiiDiE. — The  fossil  forms  constituting  the  Hali- 
tJuriida  are  characterised  by  the  presence  of  upper  incisors ;  by  the 
cheek-teeth  being  coated  with  enamel,  like  those  of  the  Manatida; 
and  by  the  retention,  in  at  least  some  cases,  of  a  milk  dentition. 


Fig.  1 183. — Grinding  surface  of  the  penultimate  and  last  right  lower  molars  o(  Halitkerium 
/ossiU ;  from  the  European  Miocene. 

In  the  type  genus  Halitherium  (which  may  be  taken  to  include 
Halianassa^  Pugmeodon^  and  Felstnotherium)  there  is  a  pair  of  tusk- 
like upper  incisors,  and  either  five  or  six  cheek-teeth  in  each  jaw ; 
small  nasals  are  present  in  at  least  some  of  the  species ;  the  pre- 
maxillae  and  mandibular  symphysis  are  bent  downwards ;  there  is  a 
descending  plate  at  the  angle  of  the  mandible ;  and  a  small  rod-like 
ossification  represents  the  femur.  The  molars  {fig.  1183)  have  a 
pattern  on  their  grinding  surface  resembling  that  of  Hippopotamus. 


Fig.  X 184.— Skeleton  o(  lialit/urium  Sckitui;  from  the  Lower  Miocene  of  He 

Much  reduced.  1 


i-Dannstadt. 


This  genus  ranges  from  the  Lower  Miocene  (Middle  Oligocene) 
to  the  Lower  Pliocene  of  Europe;  and  remains  of  II.  Schinsi 
(fig.  1 184)  are  especially  abundant  in  the  Lower  Miocene  sands 
of  certain  districts  of  Hessen  -  Darmstadt  Prorastomus^  fix)m 
Tertiary  strata  in  the  West  Indies,  is  a  generalised  form  apparently 

^  In  this  figure  the  deflection  of  the  premaxillse  is  omitted. 
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allied  to  Halitherium^  but  with  a  fuller  dentition,  and  without  the 
marked  deflection  of  the  extremities  of  the  jaws.     The  dentition 

is  Z  -,  C,  -,  Pm,-\'M, :  the  upper  incisors  are  not  tusk-like  : 

3         I  7or8'  '^'^  ' 

and  the  cheek-teeth  have  simple  transverse  ridges  somewhat  like 

those  of  the  Ungulate  genera  Dinotherium  and  Listriodon.      Eo- 

therium  is  definitely  known  by  a  cast  of  the  brain-cavity  from  the 

Eocene  of  Egypt,  but  teeth  from  the  same  deposits  described  under 

the  name  of  Manatus  may  perhaps  belong  to  it;  its  affinities  cannot 

yet  be  properly  determined.      Probably  allied  to  HalitJurium  is 

Crassitherium  from  the  Pliocene  of  Belgium ;  while  Dioploiherium 

from  the  Miocene  of  South  Carolina  is  regarded  as  intermediate 

between  Halicore  and  Halitherium, 

Family  RHvriNiDiE. — The  Rhytinidct  are  known  only  by  the 
huge  Rhytina  gigas^  or  Steller's  Sea-Cow,  which  was  formerly  very 
abundant  on  Behring  and  Copper  Islands  in  the  North  Pacific, 
but  is  commonly  supposed  to  have  been  exterminated  about  1768, 
although  a  few  individuals  may  have  lingered  on  to  a  considerably 
later  date.  The  Rhytina  attained  a  length  of  from  20  to  25  feet, 
and  is  characterised  by  the  entire  absence  of  teeth,  their  function 
being  supplied  by  homy  plates  (comules)  on  the  palate.  The  head 
is  very  small  in  proportion  to  the  length  of  the  body ;  and  has  the 
premaxillse  and  mandibular  symphysis  moderately  deflected.  The 
skin  was  naked,  and  covered  with  a  rugged  epidermis  resembling 
the  bark  of  a  tree.  Nearly  entire  skeletons  have  been  obtained 
from  the  peat  of  Behring  Island. 

Family  Manatida. — In  Manatus,  the  only  known  representative 
of  this  family,  the  premaxillae  and  mandibular  symphysis  (fig.  1 1 8  2,  b) 
are  not  deflected,  and  there  are  no  functional  incisors.  The  cervical 
vertebrae  are  reduced  to  six ;  the  cheek-teeth,  which  are  coated  with 
enamel  and  carry  two  transverse  ridges,  may  be  as  many  as  eleven 
in  each  jaw,  although  it  is  seldom  that  more  than  six  are  present 
at  any  one  time.  The  Manatees  are  inhabitants  of  the  mouths 
and  estuaries  of  the  great  rivers  discharging  into  the  two  sides  of 
the  Atlantic.  No  fossil  forms  are  known  which  can  be  referred 
with  certainty  to  this  family,  although  the  type  generic  name  has 
been  applied  to  certain  teeth  from  the  Eocene  of  Egypt  already 
mentioned. 

As  Sirenians  of  uncertain  affinity  may  be  mentioned  Chronozoum 
froni  the  later  Tertiary  of  New  South  Wales;  Hemicaulodon  from 
the  EUxene  of  Shark  River;  Pachyacanthus  from  the  Miocene  of 
Vienna ;  and  Trachytherium  (with  which  Rhytiodus  may  perhaps  be 
identical)  from  that  of  France. 
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CLASS    MAMMALIA— conHnued. 

Order  Ungulata. 

Order  VI.  Ungulata. — The  Ungulata,  or  Hoofed  Mammals,  con- 
stitute the  largest  and  one  of  the  most  important  orders  into  which 
the  class  is  divided;  all  the  included  groups  being  so  connected 
together  as  to  preclude  their  division  into  well-defined  separate 
orders.  This  order  comprises  at  least  seven  suborders,  of  which 
three  are  totally  extinct,  while  all  the  others,  with  the  exception  of 
the  Hyracoidea,  have  lost  a  large  number  of  family  types  at  the 
present  day.  The  two  first  suborders — ^Artiodactyla  and  Perisso- 
dactyla — ^present  several  features  in  common,  and  are  accordingly 
brigaded  together  by  some  authorities  under  the  names  of  Ungulata 
Vera,  Clinodactyla,  or  Diplarthra ;  while  all  the  others  are  included 
in  a  second  division  under  the  name  of  Subungulata. 

All  the  members  of  this  order  are  adapted  for  a  terrestrial  life, 
and  in  the  main  for  a  vegetable  diet,  although  a  few  are  more  or 
less  omnivorous.  Their  dentition  is  heterodont  and  diphyodont, 
and  the  milk-set  is  well  developed,  and  not  changed  till  late  in 
Hfe ;  and  in  the  Perissodactyla  alone  among  Mammals  do  we  find 
certain  instances  where  the  whole  four  premolars  are  preceded  by 
milk-teeth.  The  cheek-teeth  of  the  more  typical  forms  have  broad 
crowns,  with  either  tuberculated  or  ridged  surfaces ;  and  their  crowns 
are  very  frequently  interpenetrated  by  deep  folds  of  enamel,  which 
produce  a  complicated  pattern  on  their  worn  surfaces.  Except  in 
lypotherium^  clavicles  are  always  wanting.  The  toes,  with  the  ex- 
ception of  Chalicotherium^  are  provided  either  with  blunt,  broad 
nails,  or  with  hoofs  more  or  less  completely  encasing  the  terminal 
phalangeals.  The  feet  of  existing  types  are  digitigrade,  and  the 
number  of  the  toes  varies  from  five  to  one.  In  all  existing  forms 
the  humerus  has  no  entepicondylar  foramen.     The  scaphoid  and 
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lunar  bones  of  the  carpus  are  always  distinct ;  but  the  radius  and 
ulna  may  unite. 

In  the  great  majority  of  instances  the  cheek-teeth  are  rooted,  and 
in  the  suborders  Aitiodactyla,  Perissodactyla,  and  Proboscidea,  which 
comprise  the  most  specialised  members  of  the  order,  a  gradual  in- 
crease in  the  height  of  the  crowns  of  these  teeth  may  be  traced 
from  the  generalised  to  the  specialised  genera.  Those  teeth  in 
which  the  crowns  are  low,  and  their  whole  structure  is  visible  from 
the  grinding  surface,  being  known  as  brachydont  (compare  fig.  1 195); 
while  those  with  high  crowns,  in  which  the  bases  of  the  enamel-folds 
are  invisible  from  the  grinding  surface,  are  termed  hypsodont  (fig. 
1220).  The  change  from  a  brachydont  to  a  hypsodont  dentition 
b  accompanied  by  the  production  of  a  nearly  flat  and  horizontal 
grinding  surface  in  the  cheek-teeth,  in  place  of  a  more  or  less 
strongly  ridged  one ;  the  more  specialised  type  being  adapted  for  a 
perfect  grinding  action  of  the  upper  against  the  lower  teeth,  while 
in  the  more  generalised  type  the  action  is  to  a  great  extent  a  snap- 
ping one.  Examples  of  the  former  type  are  shown  by  the  Horse 
and  Ox,  and  of  the  latter  by  the  Pig  and  Hyrax.  Hypsodontism 
is  not  confined  to  this  order,  as  will  be  noticed  in  the  sequel. 

Some  remarks  on  the  probable  origin  of  the  order  are  made 
below  under  the  head  of  the  Condylarthra.  In  the  specialised 
forms  there  is  very  often  a  tendency  to  a  suppression  of  the  anterior 
teeth,  more  especially  in  the  lower  jaw. 

Suborder  i.  Artiodactyla. — This  and  the  next  suborder 
present  certain  structural  modifications  of  the  extremities,  by  which 
they  are  distinguished  from  the  remaining  five  suborders,  and  on 
which  account,  as  already  mentioned,  they  are  grouped  together  by 
some  writers  under  the  name  of  Ungulata  Vera,  or  Diplarthra. 
Thus  the  feet  are  never  plantigrade,  and  the  number  of  functional 
digits  does  not  exceed  four.  In  the  carpus  (fig.  1 185)  the  scaphoid 
is  supported  by  and  largely  articulates  with  the  magnum ;  while  the 
latter  (together  with  the  unciform)  supports  the  lunar,  and  has  no 
connection  with  the  cuneiform.  In  the  tarsus  the  cuboid  extends 
inwardly  to  articulate  with  the  astragalus,  which  is  deeply  grooved 
(fig.  1 1 86).  All  the  component  bones  of  both  the  carpus  and 
tarsus  strongly  interlock,  which  makes  the  structure  of  these  joints 
more  complex  than  in  the  other  suborders.  Finally,  the  jugal  forms 
the  anterior  part  of  the  zygomatic  arch  (fig.  1 187),  and  the  brain  is 
of  relatively  large  size  and  complex  structure. 

This  suborder,  so  far  as  at  present  known,  is  distinguished 
from  the  Perissodactyla  by  the  distal  surface  of  the  astragalus  (fig. 
1 1 86)  being  ginglymoid,  by  the  third  and  fourth  digits  (fig.  1185) 
being  equal  in  size,  and  arranged  symmetrically  on  either  side  of 
a  line  drawn  between  them ;  by  the  absence  of  a  third  trochanter 
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to  the  femur ;  and  by  the  articulation  of  the  fibula  with  the  cal- 
caneum.     In  all  existing  forms  the  number  of  the  dorso-lumbar 


Fig.  X185.— Lefk  manus  of  (i)  Pig  (Sus).  (a)  HjwMoscktu,  (3)  Chevrotain  {Traguliu\  (4)  Roe- 
buck {(Cafreolut\  (5)  Sheep  {pvis\  and  (6)  Camel  {Camelus),  Id  the  carpus  the  middle  bone  in 
the  upper  row  is  the  lunar,  the  left  the  scaphoid,  and  the  right  the  cuneiform ;  in  the  second  row 
the  left  bone  is  the  magnum,  and  the  right  the  unciform.  Reduced.  (After  Dawkins  and 
Oakley.) 

vertebrae  is  nineteen ;  and  the  nasals  are  not  expanded  posteriorly. 
In  the  dentition  the  first  tooth  of  the  cheek  series  never  has  a 
deciduous  predecessor.     The  upper  premolars  are  very  generally 
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more  simple  in  structure  than  the  true  molars ;  while  the  last  lower 
true  molar  nearly  always  has  a  third  lobe,  the  same  feature  being 
repeated  in  the  last  lower  tooth  of  the  milk  series. 

In  the  Pecora  the  pelvis  {fig,  112Z  bis)  is  characterised  by  the 
great  length  of  the  ilia,  which  are  not  much  expanded ;  but  in  the 
Hippopotamus  these  bones  are  shorter  and  more  expanded,  and  thus 
approximate  to  those  of  the  Perissodactyla.  The  symphysis  of  the 
ischia  and  pubes  is  much  elongated. 
The  true  molars  in  the  upper  jaw 
carry  either  foiu*  or  five  main  columns ; 
in  the  less  specialised  forms  such  as 
the  Pigs  (figs.  119 4,  1195))  such 
columns  in  both  upper  and  lower 
molars  form  low  subconical  tubercles, 
when  the  dentition  is  termed  buna- 
dont;  but  in  others,  such  as  Eporeo- 
dan  (fig.  1 201)  and  the  Ruminants 
(fig.  1220),  the  outer  pair  of  columns 
becomes  transversely  flattened,  and 
the  inner  pair  crescent-shaped,  and 
the  dentition  is  then  termed  seUno- 
dont.  In  the  lower  molars  of  the 
latter  type  of  dentition  it  is  the  inner 
columns  that  become  flattened,  while 
the  outer   ones   assume    a    crescent 

shape.  There  is,  however,  a  complete  passage  from  the  one  type 
to  the  other ;  the  most  specialised  forms  with  a  hypso-selenodont 
dentition  being  of  comparatively  recent  origin.  The  existing  mem- 
bers of  this  suborder  are  divided  into  the  sections  Suina  (Pigs 
and  Hippopotamus),  Tylopoda  (Camels),  Tragulina  (Chevrotains), 
and  Pecora  (typical  Ruminants) ;  but  since  such  divisions  will  not 
hold  good  for  the  fossil  forms,  it  will  be  convenient  merely  to 
divide  the  suborder  into  families. 

It  should,  moreover,  be  observed  that  it  is  by  no  means  certain 
that  all  the  above-mentioned  characters  will  apply  to  some  of  the 
less  known  earlier  members  of  the  suborder,  since  some  of  these 
included  in  the  Anoplotheriida  present  certain  remote  indications  of 
affinity  with  the  Perissodactyla. 

The  advance  fi*om  a  bunodont  to  a  hypso-selenodont  dentition  is 
accompanied  in  this  suborder  by  a  tendency  in  the  second  and  third 
metapodials  to  coalesce  into  a  cannon-bone^  and  also  by  a  change  in 
the  form  of  the  odontoid  process  of  the  axis  vertebra  from  a  peg-like 
projection  to  a  spout-like  demicylinder.  The  earliest  form  which 
has  been  referred  to  this  suborder  is  the  small  Pantolestes^  from  the 
Lower  Eocene  of  the  United  States.    This  genus  is  still  very  imper- 


Fig.  X 186.— Left  astragalus  of  a  Rumi- 
nant Aitiodactyle  {Bosy,    Reduced. 
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fectly  known ;  but  Professor  Cope,  who  makes  it  the  tjrpe  of  a  dis- 
tinct family,  states  that  it  has  tritubercular  upper  molars,  and  four 
digits  in  the  pes,  and  looks  upon  it  as  the  ancestral  type  of  the 
Camels.     Dr  Schlosser  is,  however,  not  satisfied  that  the  teeth  are 


Fig.  ix87.^Lcft  aspect  of  the  Hippopotamus  {H.  amphUnus),    Much  reduced.    (After  GiebeL) 


really  tritubercular,  and  suggests  that  it  may  indicate  a  transitional 
type  between  the  Artiodactyla  and  the  Condylarthra. 

Family  HippopoTAMiDiE. — ^This  family  contains  the  single  Old 
World   genus  Hippopotamus^  now  represented  by  two  species  of 


Fig.  1 1 88. — Left  inanus  of  Hippopotamus 
ampkibius.    Reduced.    (After  Cuvier.) 


Fig.  1x89. —  Left  upper  true 
molar  of  Hippopotamus  ampki- 
bius.'   Two-thirds  natural  siie. 


bulky  animals,  which  spend  a  large  proportion  of  their  time  in  the 
waters  of  lakes  and  rivers.  In  the  skull  {fig,  1 187)  the  angle  of  the 
mandible  has  a  descending  flange ;  the  facial  portion  is  much  elon- 


Digitized  by  VjOOQIC 


ORDER   UNGULATA. 


I317 


gated ;  and  the  orbits  are  tubular  and  very  prominent.     The  dental 

formula   is  7.   7^^,  C  -,  Pm,  -,  M.  -.     The  cheek-teeth  are 

(1-3)  I  4  3 

bunodont  in  structure;  the  true  molars  (fig.  1189)  having  four 
columns,  which  present  trefoil-shaped  dentine  surfaces  when  worn ; 
the  premolars  are  simpler.  The  upper  incisors  are  short  and  ver- 
tical i^g,  1 187),  but  those  of  the  lower  jaw  are  procumbent,  and 
may  be  very  large  (fig.  1191).  The  canines  of  the  upper  jaw  are 
curved  upwards  like  those  of  pigs,  while  the  lower  ones  are  of 
enormous  size,  and  have  their  extremities  obliquely  worn  to  a  cutting- 


Fig.  1 190.  —Hi^pofoiamus  tivaUmitl  from  the  Pliocene  of  the  Siwalik  hills,     a.  Palatal 
view  of  aranium ;  b^  Third  right  upper  true  molar ;  c^  Symphysis  of  mandible.    Reduced. 

edge  by  biting  against  the  outer  surfaces  of  those  of  the  upper  jaw, 
Tlie  feet  (fig.  1 188)  are  short  and  massive,  and  furnished  with  four 
digits,  of  which  the  terminal  phalangeals  bear  nail-like  hoofs.  The 
skin  is  nearly  naked  and  of  great  thickness ;  while  the  ears  and 
eyes  are  very  small,  and  the  tail  is  short. 

In  the  more  generalised  forms  like  H,  sivalensis  (fi^.  1190),  of  the 
Pliocene  of  the  Siwalik  Hills  of  India,  there  are  three  pairs  of  incisors  in 
both  jaws,  all  of  which  are  of  subequal  size.  This  hexaprotodont  group 
is  represented  in  the  Pliocene  of  Burma  by  H,  iravaticus,  and  in  that  of 
Algiers  by  H.  bonariensis;  while  its  latest  member  is  H.  namadicus^  of 
the  Pleistocene  of  the  Narbada  Valley,  in  India.     In  the  latter  deposits 
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also  occurs  H,  palceindicus^  in  which  the  second  lower  incisor  is  very 
minute,  and  perhaps  disappears  in  the  adult ;  while  in  the  existing  H. 
amphibius  of  Africa,  which  is  found  fossil  in  Europe  from  the  Upper 
Pliocene  of  the  Val  d*Amo  to  the  late  Pleistocene,  there  are  only  two 
pairs  of  incisors  in  each  jaw,  the  innermost  pair  in  the  mandible  being 
of  enormous  dimensions  (fig.  1191).  It  is  evident  from  the  condition 
prevailing  in  H.  palaindicus  that  it  is  the  second  pair  of  incisors  which 
IS  missing  in  the  existing  species.  Allied  to,  but  smaller  than  the  latter, 
are  H,  Pentlandi  and  H,  minutuSy  whose  remains  are  found  in  enormous 
quantities  in  the  caves  of  Italy  and  the  Mediterranean  islands.    Finally, 


Fig.  1 191.— Mandible  of /rx>/0>0/aMttfaM/4i;(fttf.    Reduced. 

in  the  small  H,  liberiensisy  now  living  in  West  Africa,  the  number  of 
lower  incisors  is  reduced  to  a  single  pair.  The  resemblance  of  the  man- 
dible of  Hippopotamus  to  that  of  the  Anthracotheriida  suggests  that 
both  are  derived  from  a  common  ancestor. 

Family  SuiDiE. — ^This  family  may  be  taken  to  include  both  the 
existing  Dicotylida  and  Phacochcerida  and  the  extinct  Listriodontida, 
since  fossil  forms  indicate  a  close  connection  between  all  these  types. 
The  cheek-teeth  are  typically  bunodont  and  brachydont,  the  upper 
true  molars  carrying  four  main  columns,  which  may  be  either  simple 
(fig.  1 195)  or  of  extreme  complexity  {Hippohyus\  but  which  do  not 
wear  into  distinct  trefoils.  Their  outer  and  inner  columns  may, 
however,  coalesce  into  transverse  ridges  (fig.  1193).  The  skull 
(fig.  1 192)  has  a  more  or  less  elevated  supraoccipital  region,  from 
which  the  profile  slopes  away  to  the  muzzle,  the  nasals  being  fre- 
quently much  elongated;  while  the  mandible  has  no  descending 
flange  at  the  angle.  The  canines  are  frequently  large  and  tusk-like 
(fig.  1 192),  the  superior  ones  being  curved  upwards,  and  the  lower 
ones  biting  against  a  facet  on  the  outer  surface  of  the  upper  ones ; 
but  in  many  of  the  earlier  forms,  and  in  the  recent  Peccaries,  the 
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development  of  these  teeth  is  much  less  marked.     The  digits  are 
usually  four  in  number,  but  in  the  existing  forms  (fig.  1185)  ^^^Y 


Fig.  1192.— Right  lateral  aspect  of  the  skull  of  the  Wild-boar  (Stts  scro/a).     Reduced. 
(After  Gray.) 

the  two  middle  ones  touch  the  ground.  The  dental  formula  is  very 
generally  the  typical  one. 

The  extinct  genus  Listriodon  differs  from  all  the  other  members 
of  the  family  in  that  the  true  molars  (fig.  11 93)  carry  a  pair  of 
simple  transverse  ridges.     The  dental  formula  is 

3     ^    I 


'1  ■» 

Pm,  -,  J/l  -  ;  the  canines  form  large 
3         3 


I  -     C 

I.  ^  c.  ^ 

tusks;  the  last  upper  premolar  is  simpler  than 
the  true  molars ;  and  the  anterior  premolars  are 
relatively  wide.  The  skull  is  essentially  that  of 
a  Pig.  Remains  of  Listriodon  occur  in  the 
Middle  Miocene  of  the  Continent  (where  they 
have  been  described  under  the  names  of  Lophio- 
chotrus  and  Tapirotherium\  and  also  in  the  Plio- 
cene Siwaliks  of  the  Punjab  and  Sind.  The 
molars  present  the  same  relation  to  those  of  Sus 
as  is  borne  by  the  molars  of  Dinotherium  to  those  of  many  species 
of  Mastodon, 

Leaving  this  aberrant  type,  we  may  turn  to  the  typical  genus  Sus^ 

3    i^   ^     r>_  4     ,^  3 


Fig.  1193.— The  sec- 
ond left  upper  true  mo- 
lar of  Listriodon  spUn- 
dent;  from  the  Middle 
Miocene  of  France. 


in  which  the  normal  dental  formula  is  /.  -,   C  -,  Pm,  -,  M, 

31  4  3' 

although  the  first  premolar  is  absent  in  some  fossil  species,  and  also 
in  the  African  Potamochcsrus,  which  cannot  be  palaeontologically 
separated.  The  canines  are  developed  into  tusks  (fig.  1192), 
although  they  are  small  in  the  earlier  species.  The  crowns  of 
the  upper  true  molars  are  oblong,  and  both  the  upper  and  lower 
last  true  molars  (fig.  11 94)  have  a  third  lobe,  although  its  degree 
VOL.  11.  2  E 
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of  development  varies  greatly ;  and  these  teeth  do  not  come  into 
use  until  the  first  molar  has  been  well  worn.  The  anterior  pre- 
molars are  compressed,  and  there  is  no  diastema  between  the  first 

and  the  second.  The  upper 
premolars  are  simpler  than  the 
true  molars,  and  there  is  con- 
siderable difference  in  the  num- 
ber of  accessory  tubercles  de- 
veloped in  the  latter;  those 
species  in  which  these  are  most 

Fig.  X 194.— The  third  right  lower  true  molar      numerOUS    showing  a  mOre  COm- 
of  Sus  cristiUus ;  Indisi,    «,</,  Middle  columnit         ,  ,^  °         . 

of  talon.  plex     pattern     on     the    worn 

crowns.     The  molars  of  some 
of  the  earlier  forms  approximate  to  those  of  Hyotherium, 

The  species  with  the  most  complicated  molar  structure  are  S.  Falcontri 
of  the  Pliocene  of  the  Siwalik  Hills,  S.  phacochceroides  oi  ihe  Pliocene  of 
Alg^eria,  5.  kamuliensis  of  the  Pleistocene  caves  of  Madras,  and  the 
livmg  Indian  S.  cristatus  (fig.  1194),  which  is  also  found  fossil  in  the 
same  caves  ;  the  last  lower  true  molar  of  the  first-named  species  making 
a  decided  approach  to  that  of  Phacochcerus,  In  the  European  Wild- 
boar,  which  is  found  fossil  as  low  down  as  the  Norfolk  Forest-bed,  the 
hind  lobe  of  the  last  molar  is  of  moderate  complexity.  ^.  titan^  and  S. 
giganteus  of  the  Siwalik  Hills  of  India,  together  with  S.  antiquus,  S, 
eryinanthius^  and  S.  major  of  the  Lower  Pliocene  of  Europe,  are  large 
species  with  comparatively  simple  molars ;  the  first  being  the  lai^est 
known  species,  and  fully  equal  m  size  to  a  Tapir.  S.  hysudricus  of  the 
Siwalik  Hills,  ^^  palaochosrus  of  the  Lower  Pliocene  of  Eppelsheim^  and 
.S".  chceroidesy  which  has  been  recorded  from  France  and  the  Middle 
Miocene  of  Tuscany,  are  small  species  with  simple  molars  like  those  of 
the  living  S.  andamanetisiSyto  which  they  maybe  allied.  5.  arvemensis 
of  the  Upper  Pliocene  of  France  is  closely  related  to  the  living  African  S. 
(Poiamochcerus)  africanus;  while  in  the  small  •S*.  punjabiensis  of  the 
Pliocene  of  north-western  India  we  probably  have  the  direct  ancestor  of 
the  Pigmy-hog  (S,  scUvanius)  of  the  terai-lands  of  Nipal.  No  represen- 
tatives of  the  genus  occur  in  America  ;  and  5.  chceroides  seems  to  be  the 
earliest  species. 

Here   it   will   be  convenient   to   notice  the  African  Wart-hogs 
(Phacocharus)  which  appear  to  be  related  to  some  of  the  specialised 

fossil  species  of  Sus,      The  dental  formula  is  /  ^ -.  C,  -,  Pm,  -, 

(2-3)        I  3 

M,  -,  but  the  whole  of  the  teeth  with  the  exception  of  the  canines 

3 
and  the  last  true  molars  may  be  lost  in  the  adult,  thus  presenting  a 
very  remarkable  instance  of  extreme  specialisation.  The  last  true 
molar  is  a  very  peculiar  tooth,  consisting  of  a  great  number  of  tall 
agglomerated  columns,  or  denticules;  but  a  marked  approach  to 
this  structure  is  presented  in  some  of  the  species  of  Sus  from  the 
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Pliocene  of  Algeria  and  India.  Remains  of  Phacochcerus  occur  in 
superficial  deposits  in  Africa.  The  last  molar  of  this  genus  com- 
pared with  that  of  Hyotherium  presents  a  difference  analogous  to 
that  between  the  corresponding  teeth  of  Mastodon  and  the  Mam- 
moth. 

We  may  now  revert  to  the  consideration  of  more  generalised 
types.  The  most  important  is  Hyotherium  (in  which  may  be  included 
PaUtocharus  and  Charomorus)  which  presents  characters  connect- 
ing it  with  DicotyleSj  Sus,  and  CAceropotamuSy  and  may  have  been 
the  ancestor  of  the  first 
two  of  these  genera.  The 
upper  true  molars  (fig. 
1 195)  have  low,  square 
crowns,  with  a  rudimentary 
fifth  column,  which  is  fully 
developed  in  Charopota- 
mus ;  and  the  last  true 
molar  comes  into  use  be- 
fore the  first  is  worn.     In  m,  i,         m,  2.  m,  3. 

the  third  upper   true  molar         ^ig.  ngs—Thc  left  upper  true  molars  of  H:^otki- 
there  is  no  third   lobe,  and  Hum /ertmense ;  from  the  Pliocene  of  India. 

this  lobe  is  small  in  the 

corresponding  lower  tooth;  while  occasionally  the  last  upper  pre- 
molar has  only  a  single  outer  column,  as  in  Chctropotamus,  The 
canines  are  scarcely  larger  than  the  incisors ;  are  oval  in  section, 
and  the  lower  one  is  not  received  into  a  notch  in  the  upper  jaw. 
The  lateral  metapodials  are  stouter  than  in  modern  pigs.  In  Europe 
this  genus  ranges  from  the  Quercy  Phosphorites  to  the  Middle 
Miocene  of  the  Continent ;  while  in  India  it  occurs  in  the  Lower 
Siwaliks  of  Sind,  and  also  in  Perim  Island  (fig.  1 195) ;  the  American 
forms  which  have  been  referred  to  this  genus  are  regarded  by  Pro- 
fessor Cope  as  distinct,  Hippohyus,  of  the  Indian  Siwaliks,  appears 
to  be  an  allied  but  specialised  form,  in  which  the  crowns  of  the 
molars  are  much  taller,  and  have  lateral  infoldings  of  the. enamel, 
whereby  an  extremely  complex  pattern  is  produced  on  their  worn 
surfaces.  Sanitherium  of  the  Siwaliks  must  be  placed  with  this 
group ;  while  DoHochotrus  of  the  Quercy  Phosphorites  is  apparently 
allied  to  Hyotherium^  although  it  may  also  have  affinity  with  Cebo- 
chaerus.  The  genus  Babirusa^  of  Celebes,  is  unknown  in  a  fossil 
state. 

In  the  John  Day  Miocene  of  the  United  States  there  occur  pig- 
like animals  apparently  connecting  Hyotherium  with  the  existing 
Peccaries,  most  of  which  may  be  included  in  the  genus  Chanohyus, 
These  forms  agree  with  Hyotherium  in  having  the  fourth  upper  pre- 
molar simpler  than  the  true  molars,  but  have  the  lower  canine  with 


Digitized  by  i^OOQlC 


1322  CLASS  MAMMALIA. 

a  triangular  section,  and  received  into  a  notch  in  the  upper  jaw,  as 
in  the  Peccaries.  The  typical  forms  have  only  three  premolars,  but 
in  others,  which  it  has  been  proposed  to  separate  generically  as 
Bothrolabis^  there  are  four  of  these  teeth.  Allied,  or  probably  iden- 
tical forms  have  been  described  as  Thinohyus  and  Fercharus^  the 
former  having  four  premolars.  The  existing  South  American  genus 
Dicotyles  includes  the  well-known  Peccaries,  and  has  the  dental 

formula  7.  ~,  C.  i,  Pm.  ^,  M,  5.      The  structure   of  the  small 

31  3         3 

canines  has  been  already  mentioned ;  the  last  upper  premolar  has 
four  columns  like  the  true  molars  (fig.  1 1 96) ;  while  the  third  upper 


Fig.  ZZ96.— Grinding  surface  of  the  right  upper  check-teeth  of  a  Peocary  (Dicctyies 
UUfiatus),    (After  Giebel.) 

true  molar,  which  comes  into  use  before  the  first  is  worn,  has  no 
distinct  third  lobe.  In  the  pes  the  phalangeals  of  the  fifth  digit  are 
aborted.  Remains  of  two  existing  and  one  much  larger  extinct 
species  of  this  specialised  genus  are  found  in  the  Pleistocene  de- 
posits of  the  Brazilian  caves ;  while  large  Peccaries  also  occur  in 
the  Pliocene  of  the  United  States  and  the  Pleistocene  of  Mexico, 
which  have  been  described  as  Flatygonus,  but  may  be  included 
in  the  type  genus,  although  they  have  rather  simpler  premolars. 

Family  CHCEROPOTAMiDiE. — The  true  molars  of  this  extinct 
family  are  intermediate  in  structure  between  those  of  the  Suida  and 
Anthracotheriida ;  having  in  the  upper  jaw  very  broad  and  short 
crowns,  which  carry  five  columns  arranged  as  in  the  latter  family. 
The  premolars,  although  somewhat  compressed,  are  not  secant,  and 
may  be  of  very  large  size.  In  the  two  best  known  European  genera 
there  is  a  diastema  between  the  first  and  second  upper  premolars. 
The  mandible  has  no  descending  fiange  at  the  angle. 

One  of  the  most  pig-like  members  of  this  family  is  the  genus 
Cebochxrus^  comprising  animals  of  the  size  of  Hyotfurium^  which 
have  been  considered  by  some  as  allied  to  the  Lemurida^  although 
there  is  little  doubt  that  their  true  relationships  are  with  the  present 
group.  They  apparently  possessed  the  full  tjrpical  number  of  teeth, 
which  (especially  in  the  lower  jaw)  present  a  great  resemblance  to 
those  of  Hyotherium  ;  and  it  is  highly  probable  that  they  are  closely 
related  to  the  ancestor  of  that  genus.  Cebocharus  is  represented  by 
several  species  in  the  Upper  Eocene  of  France ;  but  the  forai  re- 
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corded  from  the  Middle  Miocene  of  Bavaria  may  be  generically  dis- 
tinct Allied  to  this  genus  are  Hemichctrus  of  the  Quercy  Phos- 
phorites, and  Leptocharus  of  the  North  American  Miocene,  in  which 
the  premolars  have  a  very  simple  structure.  All  these  forms,  to- 
gether with  the  following  genus,  are  placed  by  some  writers  with  the 
Suida,  The  type  genus  Chceropotamus  occurs  in  the  Upper  Eocene 
of  France  and  England,  and  has  been  erroneously  stated  also  to 
occur  in  the  Miocene  of  Bavaria.  The  upper  true  molars  resemble 
those  of  certain  species  oi  Anthracotherium^  but  have  shorter  crowns, 
with  a  less  approach  to  a  selenodont  structure.  There  is  a  third 
lobe  to   the   last  lower  true   molar,  and   the   dental   formula  is 

/.  -,   C  -,  Pm,  3  M,  ^.     The  feet  are  unknown,  but  it  is  probable 

3133 
that  they  were  furnished  with  four  digits.  The  type  species  C 
gypsarum  of  the  Paris  gypsum,  was  an  animal  of  the  size  of  a  large 
Pig ;  and  it  is  probable  that  this  genus  is  a  survivor  of  a  form  which 
was  the  common  ancestor  of  both  the  Suidce  and  the  Anthracothe- 
riida,  Elothtrium^  which  has  been  also  described  under  the  names 
of  Entelodon^  Archaotherium^  Oltinotherium^  and  PelonaXy  is  a  larger 
form  allied  in  many  dental  characters  to  Chcsropotamus ;  and  is  one 
of  the  very  few  members  of  this  suborder  in  which  the  last  lower 
true  molar  has  no  third  lobe.  The  premolars  are  relatively  large 
and  simple ;  the  canines  recall  those  of  some  of  the  Carnivora;  and 
the  functional  digits  of  the  feet  are  reduced  to  two.  The  dental 
formula  is  the  typical  one ;  and  the  genus  is  placed  by  some  writers 
in  the  AnthrcuothtriidcB,  Its  remains  are  found  in  the  Upper 
Eocene  Phosphorites  of  Quercy,  in  the  Lower  Miocene  of  Ronzon, 
in  France,  and  of  Hempstead  in  the  Isle  of  Wight,  and  also  in  the 
Miocene  of  North  America.  Apparently  allied  to  this  genus  is 
Tetraconodon  of  the  Pliocene  of  the  Indian  Siwalik  Hills,  in  which 
the  last  lower  molar  has  a  third  lobe,  and  the  conical  premolars  are 
of  enormous  size.  In  this  neighbourhood  must  probably  also  be 
classed  the  remarkable  North  American  Eocene  genus  Achcenodon 
(probably  identical  with  Parahyus)  which  has,  however,  been  con- 
sidered by  Professor  Cope  as  allied  to  the  Lemuroidea  and  Insecti- 
vora.  The  structure  of  the  teeth  is  like  that  obtaining  in  the  pre- 
sent family,  and  the  last  lower  molar  has  a  third  lobe,  but  the  first 
premolar  is  wanting  in  both  jaws.  The  skull  presents,  however, 
several  Carnivorous  features,  and  it  is  possible  that  this  genus  should 
rather  be  placed  among  the  bunodont  Condylarthra  in  the  neigh- 
bourhood of  Periptychus,  The  resemblance  presented  by  the  teeth 
of  the  latter  to  those  oiElotherium  and  Achanodon  is,  indeed,  so  re- 
markable as  to  suggest  that  those  two  genera  may  be  descendants 
of  some  unknown  member  of  the  Condylarthra  very  closely  allied  to 
the  Periptychida. 
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Family  ANXHRACOXHERiiDiE. — In  this  family  the  dental  formula 

is,  with  one  exception,  /.  -,  C  -,  Pm,  -,  M»  -\  the  upper  true 

molars  (fig.  1199)  have  broad,  low  crowns,  with  five  columns,  three 
of  which  are  situated  on  the  anterior  and  two  on  the  posterior  lobe; 
the  columns  in  both  upper  and  lower  molars  have  a  more  or  less 
distinctly  selenodont  structure ;  and  the  mandible  has  a  descend- 
ing flange  at  the  angle.  The  Anthracotheres  were  probably  in 
appearance  somewhat  between  a  Pig  and  a  Hippopotamus,  and 
doubtless  dwelt  in  swamps  and  marshes.  In  the  type  genus  An- 
thracotherium  (fig.  1197)  the  selenodont  structure  of  the  teeth  is 
less  marked  than  in  the  next  genus,  with  which  it  agrees  in  having 
four  digits  to  each  foot. 

The  species  which  approaches  nearest  to  Ckceropotamus  in  the  structure 
of  its  molars  is  the  small  A,  silistrense  of  the  lower  Siwaliks  of  India ; 
but  the  still  smaller  A,  Gresslyi  (fig.  1197)  from  the  Upper  Eocene  of 
Switzerland  and  Hampshire,  agrees  with  that  genus  in  having  a  diastema 


Fig.  XI97* — Antkracotherium  Gresslyi.    The  left  half  of  the  palaie  and  the  upper  cheek- 
dentition ;  from  the  Upper  Eocene  of  Hordwell,  Hampshire. 

between  the  first  and  second  upper  premolars,  and  in  the  absence  of  the 
first  lower  premolar.  In  most  of  the  other  species  all  the  cheek-teeth  were 
in  contact.  This  genus  commenced  in  the  Middle  Eocene  of  Promina 
in  Dalmatia,  where  it  is  represented  by  A,  dalmatinum^  which  has  been 
made  the  type  of  the  genus  Prominatherium;  it  was  abundant  in  the 
Quercy  Phosphorites  and  Lower  Miocene  of  Europe,  where  it  was  re- 
presented by  species  like  A.  ma^um^  A,  valdense  of  Lausanne,  and  A, 
illyricum  of  Tuscany,  which  attamed  the  size  of  a  Rhinoceros.  It  was 
represented  in  the  Middle  Miocene  of  France  by  A,  Cuvieri,  after  which 
it  died  out  in  Europe,  although  it  survived  in  India  till  the  Upper  Mio- 
cene, where  it  is  known  by  the  large  A.  hyopotamoides  and  the  small  A. 
silistrense.     It  is  unknown  in  America. 
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The  genus  Hyopotamus  generally  has  a  more  completely  seleno- 
dont  dentition  than  Anthracotherium^  but  in  some  species  (fig.  1 1 98) 
these  characters  are  less  marked,  and  thus  indicate  a  complete 
transition  between  the  two  genera.  In  those  species  (fig.  11 99) 
which  have  the  most  perfectly  selenodont  dentition  the  columns  of 


Fig.  1 108. —The  third  left  upper  true 
moUr  of  Hyo^tamut  giganteus.  Up- 
per Miocene,  India. 


Fig.  1 199  —The  ihird  right 
upper  true  molar  o{  Hyopotamus 
SovtMtts.  Lower  Miocene,  Isle  of 
Wight. 


the  true  molars  are  taller  than  in  the  others.  The  first  upper  pre- 
molar is  separated  by  an  interval  both  from  the  canine  and  the 
second  premolar.  This  genus  apparently  commenced  in  the  Upper 
Eocene  of  Europe,  and  is  especially  characteristic  of  the  Hempstead 
beds  of  the  Isle  of  Wight,  and  of  the  Ronzon  beds  of  France,  where 
it  is  represented  by  the  large  If.  bovinus  (fig.  11 99),  If*  velaunus, 
and  the  brachydont  H,  parcinus.  In  India  it  survived  till  the 
Upper  Miocene,  where  it  is  represented  by  two  species,  one  of 
which  {i^g.  11 98)  is  the  largest  known  form ;  it 
also  occurs  in  the  Miocene  of  North  America. 
The  name  Diplopus  has  been  applied  to 
a  form  from  the  Upper  Eocene  of  Hamp- 
shire, with  only  two  digits  to  each  foot,  which 
has  been  referred  to  this  family;  since,  how- 
ever, its  dentition  is  unknown  this  determina- 
tion is  only  provisional,  and  it  has  been  sug- 
gested that  it  may  be  a  Dichodon^  although  it 
appiears  too  large  for  the  type  species. 

Family    MERVCOPOTAMiDiE.  —  This    family 
may  be  regarded  as  an  off*shoot  from  the  An- 
thracotheriida  in  which  the  upper  true  molars  (fig.  1200)  have  only 
four  columns  on  their  crowns ;  the  dental  formula  being  the  same. 
It  is  probable  that  the  feet  were  tetradactylate ;  and  the  mandible 


Fig.  isoo. — A  right  up- 
per true  molar  of  MerycO' 
potamus  dissimilis;  from 
the  Pliocene  of  India. 
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has  a  descending  flange.  Some  writers  include  this  family  in  the 
AnthracotheriidcBy  and  perhaps  this  is  really  the  better  arrangement 
The  type  genus  is  found  only  in  the  Pliocene  Siwaliks  of  India 
and  Burma,  where  it  is  represented  by  M.  dissimilis  (fig.  1200), 
and  two  smaller  species.  An  imperfectly  known  but  closely  allied 
form  from  the  Upper  Miocene  of  Sind  has  been  described  under 
the  name  of  Hemimeryx.  In  this  and  all  the  preceding  families  the 
odontoid  process  of  the  axis  vertebra  is  peg-shaped. 

Family  CoxYLOPiDiE. — This  extinct  North  American  family, 
usually  known  as  the  OreodonticUB}  is  regarded  by  Professor  Cope 
as  related  to  the  Anoplotheriida^  but  with  more  completely  seleno- 
dont  teeth  and  less  specialised  feet,  which  are  more  like  those  of 
the  Hippopotamus  than  those  of  the  Ruminants ;  but  their  affinities 
are  probably  widely  spread.  Upper  incisors  are  present ;  the  ^e 
molars  (fig.  1201)  are  selenodont,  and  those  of  the  upper  jaw 
usually  have  only  four  columns  on  their  crowns ;   and  the  p^^ 


Fig.  xaoz. — Oral  surface  of  the  right  upper  cheek-teeth  kA  E^artodon  major. 
Miocene,  North  America. 

molars  are  simpler  than  the  true  molars,  but  are  not  secant    The 

lower  canine  is  approximated  to  the  incisors,  and  its  function  is 

taken  by  the  first  premolar,  which  has  a  tall  crown  biting  behind 

the  upper   canine.      The  ulna,   radius,  tibia,  fibula,  metapodials, 

navicular,  and  cuboid  are  all  distinct ;  and  each  foot  carries  four 

digits.     The  odontoid  process  of  the  axis  vertebra  is  intermediate 

in  shape  between  the  peg  of  the  Bunodonts  and  the  half-cylinder  of 

the  Ruminants ;  the  lachrymal  bone  frequendy  has  a  deep  larmial 

depression ;  but  the  angle  of  the  mandible  has  no  descending  flange. 

3  I 

In  the  type  genus  Cotylops  {Oreodon)  the  dentition  is  /.  -,  C.  -, 

Fm,  -,  M.  -  ;  the  orbits  are  completely  surrounded  by  bone,  the 

premaxillae  are  separate,  the  auditory  bullae  not  inflated ;  there  are 
no  vacuities  in  the  bones  of  the  face ;  and  there  is  a  small  pollex  in 

^  The  name  Oreodon  being  preoccupied  by  Orodus  {supra^  p.  940),  involves 
the  change  of  the  family  name.  Cotylops  was  originally  applied  by  Leidy  to  one 
spedes  of  the  type  genus. 
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the  manus.  In  Eporeodon^  or  Eucrotaphus,  the  above  characters 
are  the  same,  with  the  exception  that  the  tympanic  bullae  are  in- 
flated ;  while  Merycachctrus  differs  from  the  latter  by  the  anchylosis 
of  the  premaxillae.  There  are  seven  species  in  the  latter  genus. 
Merychyus  is  distinguished  from  Merycocharus  by  the  presence 
of  vacuities  in  the  lachrymal  region.  In  Leptauchtnia^  which  has 
been  placed  by  some  writers  in  the  Camelida^  such  vacuities  occur 


Fig.  1 903.— Frontal  (i)  and  left  lateral  (3)  aspects  of  the  cranium  of  Cyclopidiu*  emidinu*; 
from  the  Miocene  of  the  United  States.     Reduced.    (After  Cope.) 

close  to  the  frontals,  and  the  nasals  become  very  small.  Still  more 
remarkable  is  the  enormous  development  of  these  vacuities  in  Cyclo- 
pidius  (fig.  1 202),  in  which  the  upper  incisors  are  wanting.  Fiihedstes, 
again,  differs  from  all  the  preceding  by  the  absence  of  the  first  pre- 
molar, and  has  but  one  pair  of  lower  incisors.  In  the  second  divi- 
sion of  this  family,  which  includes  the  genera  Agriochcerus  and 
Coioreadony  the  orbit  is  incompletely  surrounded  by  bone,  and  the 
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fourth  upper  premolar  has  two  outer  columns  in  place  of  the  single 
one  of  the  typical  section  (fig.  1201).  Coloreodon  differs  from 
Agriochctrus  by  having  only  three  premolars,  but  it  may  be  ques- 
tioned whether  this  difference  really  affords  sufficient  grounds  for 
generic  distinction.  The  majority  of  the  genera  are  confined  to 
the  White  River  Miocene  of  North  America,  but  Merycochctrui 
extends  into  the  Loup-Fork  beds,  which  may  be  either  of  Upper 
Miocene  or  Lower  Pliocene  age.  A  tooth,  apparently  indistinguish- 
able from  the  molars  of  Agriochcsrus^  has  been  obtained  from  the 
Pliocene  of  India. 

Here  may  be  noticed  a  remarkable  form  from  the  Upper  Eocene 
of  the  United  States,  described  under  the  name  of  Frotoreodon, 
The  organisation  is  said  to  be  of  the  Cotylopine  type,  but  the 
upper  molars  have  five  columns,  as  in  the  Anthracotheriida  and 
Anoplotheriidae,  This  genus  probably  indicates  an  ancestral  type  of 
the  Cotyiopida,  which  should  perhaps  be  referred  to  a  distinct  family; 
it  is,  however,  placed  by  Professor  Cope  near  the  Xiphodonts. 

Family  ANOPLOTHERiiDiE. — In  this  family  the  cheek-teeth  are 
imperfectly  selenodont ;  the  crowns  of  the  upper  true  molars  (fig. 
1204)  carrying  five  colunms,  three  of  which  are  placed  on  the 
anterior,  and  two  on  the  posterior  lobe,  or  half,  of  the  crown.  All 
the  bones  of  the  limbs  and  feet  remain  distinct  from  one  another ; 
and  there  is  no  descending  flange  at  the  angle  of  the  mandible. 
The  functional  digits  may  be  either  two  or  three  in  number ;  and 
the  carpus  and  tarsus  of  the  original  genus  are  of  that  type  to  which 
the  name  inadaptive  has  been  applied.^  The  anterior  premolars 
are  more  or  less  perfectly  secant ;  there  is  generally  no  diastema  in 
the  dental  series ;  and  the  canines  are  short  and  compressed,  and 
depart  very  widely  from  those  of  the  Anthracotheriida  and  their 
allies,  in  which  they  resemble  the  corresponding  teeth  of  the 
Carnivora.  In  the  type  genus  Anoplotherium  (in  which  may  be 
included  Eurytherium  and  Diplobune)  the  dentition  (fig.  1204)  is 

usually  /  -,  C  -',  Pm,  -,  J/.  -:  but  occasionally  the  first  lower 

3143 
premolar  is  wanting.     The  tail  (fig.   1203)  is  long;  the  functional 
digits  may  be  either  three  or  two ;  *  and  the  third  upper  premolar  has 
a  well-developed  inner  tubercle.     In  the  typical  A,  commune^  of  the 

1  In  the  inadaptive  modification  {Anoplotherium)  the  carpals  of  the  aborted 
digits  remain  as  useless  lateral  bones ;  while  in  the  adaptive  modificatioB 
{Hyotherium)  they  shift  their  position,  and  take  a  share  in  the  support  of  the 
large  persistent  digits. 

^  Prof.  Cope  has  suggested  that  the  forms  with  two  digits  should  be  excladed 
from  this  family,  but  it  is  the  type  species  which  presents  this  feature.  The  form 
with  three  functional  digits  is  indistinguishable  by  dental  characters  from  the 
typical  A,  commune  with  only  two. 
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Paris  gypsum,  the  columns  of  the  cheek-teeth  are  comparatively 
tall,  but  in  other  species,  like  A,  cayluxense  of  the  Quercy  Phos- 
phorites (fig.  1204),  they  are  shorter,  and  the  teeth  thus  approxi- 
mate to  those  of  the  brachydont  species  of  Hyopotamus,  This 
genus  is  confined  to  Europe,  and  is  characteristic  of  the  Upper 
Eocene  (Lower  Oligocene)  and  the  Miocene  of  Ronzon  in  Puy-en- 


— - I^JL- — — ^<:^e!^ 

Fig.  1203. — Skeleton  oi  Anoplothtrium  commune;  Upper  Eocene,  Europe.     Much  reduced 

Velay.  The  species  from  the  South  American  Tertiaries  originally 
referred  to  this  genus  is  now  known  as  Proterotherium^  and  is 
noticed  under  the  Perissodactyla.  The  largest  species  was  about 
the  size  of  a  Tapir.  Here  may  be  noticed  ^yt,  genera  from  the 
Quercy  Phosphorites,  some  of  which  appear,  on  the  whole,  to  be 
most  nearly  allied  to  Anoplotherium^  although  their  teeth  present 
certain  resemblances  to  those  of  the  Perissodactyla,  in  which  sub- 
order the  last  of  the  group  is  placed  by  some  writers.     Of  these 


Fig   xao4.— The  last  five  right  upper  cheek-teeth  of  Anoplotherium  cayluxense; 
from  the  Upper  Eocene  of  France. 

genera  Adeotherium  is  characterised  by  the  extreme  complexity  of 
the  last  upper  premolar,  which  resembles  the  first  true  molar; 
Metriotherium  is  only  known  by  the  mandible,  in  which  the  pre- 
molars are  simpler  than  in  the  type  genus;  and  the  true  molars 
show  some  resemblance  to  those  of  Lophiomeryx ;  Mixtotherium^ 
which  is  described  from  the  palate,  and  is  probably  identical  with 
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the  preceding,  also  has  simple  premolars ;  Myxocharus  shows  less 
completely  selenodont  teeth  ;  while  those  of  Tapirulus  approximate 
to  the  molars  of  the  Tapirida,  In  another  direction  we  have 
Dacrytherium  and  Pksidacrythtrium^  from  the  Upper  Eocene  of 
France  and  England,  in  the  former  of  which  the  first  upper  incisors 
of  either  side  are  separated  from  one  another  by  a  wide  interval, 
while  the  first  three  premolars  are  more  completely  secant  than  in 
the  type  genus.  The  dental  type  of  Dacrytherium  leads  on  closely 
to  that  of  Xiphodofiy  which,  in  accordance  with  the  views  of  Pro- 
fessor Riitimeyer,  is  therefore  placed  in  the  same  family,  although 
some  writers  make  it  the  type  of  another  family,  which  is  taken  to 
include  either  Canotherium  (Flower),  or 
Dichodon  (Schlosser).  The  true  molars 
are  like  those  of  the  type  genus  Anoplo- 
theriuniy  although  more  completely  seleno- 
dont ;  but  the  first  three  premolars  (fig. 
_^    ,  ,  ,     1205)    are    much    elongated    and  com- 

Fig.   1205.— The  last  two  left  ^'  .  ,      »         r  •         1     ji-    • 

upper  premolars  and  first  true  presscd ;  and  the  functional  digits  were 
'?^^\}t^r'^^^SiA^i^::  reduced  to  two  in  each  foot  In  the 
typical  forms  there  was  no  diastema  in 
the  dental  series  (which  comprises  the  full  typical  number),  but  in 
certain  smaller  forms,  separated  by  some  writers  under  the  name  of 
Xiphodontothtrium^  a  distinct  diastema  was  developed.  The  Xipbo- 
donts  were  animals  of  slender  build,  with  limb-bones  partly  re- 
sembling those  of  Anoplotherium,,  and  partly  those  of  the  more 
specialised  Selenodonts ;  they  are  characteristic  of  the  Upper 
Eocene  of  England  and  the  Continent,  the  largest  species  being 
X  magnus,  and  the  smallest  X,  (Xiphodontotherium)  secundariuSy 
of  the  Quercy  Phosphorites.  This  genus,  although  not  in  the  direct 
line,  shows  how  a  transition  can  be  effected  from  the  higher  Anthra- 
cotheriidcB  to  the  Dichodontida,  Rhagatherium^  from  the  Upper 
Eocene  of  Switzerland,  is  an  allied  genus.  Finally,  Dr  Ameghino 
refers  to  this  family  the  genus  Brachytherium^  from  the  Tertiary  of 
South  America ;  while  Dr  Schlosser  would  include  in  it  the  genus 
Tetraselonodofiy  founded  on  teeth  from  the  Quercy  Phosphorites, 
which  have  only  four  columns  on  the  crown. 

Family  CiENOXHERiiDiE. — Following  the  classification  of  Pro- 
fessor Riitimeyer  the  next  family  we  have  to  consider  is  that  of 
which  the  type  genus  is  Canotherium,  All  the  genera  have  the  full 
complement  of  teeth,  and  there  are  usually  five  columns,  or  cusps, 
on  the  crowns  of  the  upper  true  molars  (which  may  be  either  seleno- 
dont or  bunodont) ;  two  of  these  columns  being  placed  on  the 
anterior  and  three  on  the  posterior  lobe  of  the  teeth,  thus  reversing 
the  arrangement  obtaining  in  the  Anoplotheriida,  The  type  genus 
Canotherium  comprises  a  number  of  species  of  small  animals  not 
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larger  than  a  Rabbit,  in  which  the  teeth  are  selenodont ;  the  ante- 
rior premolars  more  or  less  secant ;  the  auditory  bullae  inflated  (fig. 
1206)  and  the  feet  furnished  with  four  complete  digits.  These 
small  animals  probably  approximated  in  outward  appearance  to  the 
living  Chevrotains  (Tragulus)  of  the  Oriental  region.  In  the  typical 
forms  there  is  no  diastema  in  th^  dental  series ;  but  this  is  present 
in  other  species  to  which  the  name  PUsiomeryx  has  been  assigned 


Fig.  iToS.—'Citttctktrium  FilkolL    Upper  and  lower  views  of  the  cranium ; 
from  the  Upper  Eocene  of  Caylux. 

by  some  writers.  The  limb-bones  show  characters  connecting  them 
both  with  the  Suida  and  the  Ruminants,  In  the  figured  cranium 
the  nasals  are  peculiar  for  terminating  in  a  point  This  genus,  of 
which  the  names  Zooligus  and  Microtherium  are  also  synonyms, 
ranges  from  the  Upper  Eocene  (Lower  Oligocene)  of  Vaucluse  to 
the  Lower  Miocene  (Upper  Oligocene)  of  Allien  An  allied  genus 
is  Mauillactheriuniy  of  the  Quercy  Phosphorites,  in  which  the  third 
upper  true  molar  has  but  four  columns ;  while  yet  another  allied 
form  from  the  same  deposits  has  received  the  name  Oxacron,  The 
European  Upper  Eocene  genus  Dichobunus  {Didymodon)  is  regarded 
by  Professor  Riitimeyer  as  a  bunodont  form  closely  allied  to  Cano- 
therium ;    Dilotherium   aiid    Spaniotherium   being   kindred  genera 
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from  the  Quercy  Phosphorites.  The  limb-bones,  although  all  the 
four  digits  are  developed,  show  considerable  resemblances  to  those  of 
the  Ruminants,  and  it  has  been  thought  that  Dichobunus  may  have 
been  the  direct  ancestor  of  Gelocus,  Here  also  may  be  mentioned 
the  peculiar  Upper  Eocene  European  genus  Acothertdum^  in  which 
the  general  form  of  the  skull  and  teeth  of  the  one  known  species 
seems  to  indicate  affinity  with  Dichobunus^  while  the  absence  of  the 
third  cusp  on  the  hinder  lobe  of  the  upper  true  molars,  and  the  more 
completely  bunodont  structure  of  these  teeth  apparently  indicates 
affinity  with  Cebochosrus  and  its  allies,  among  which  some  writers 
prefer  to  place  this  genus. 

Family  DiCHODONTiDiE. — According  to  the  views  of  Professor 
Riitimeyer  this  family  is  taken  to  include  several  genera  with  a  seleno- 
dont  dentition  in  which  the  upper  true  molars  have  four  columns ; 
the  type  genus  Dichodon  presenting  affinities  with  Xiphodon^  while 
Gelocus  and  its  allies  are  closely  related  to  the  Traguiida  and  the 
Cervida,  Other  writers,  however,  who  do  not  attach  such  import- 
ance to  the  structure  of  the  molars,  place  Dichodon  with  Xiphodon 
and  make  Gelocus  the  type  of  a  distinct  family.^     In  Dichodon  the 

dental  formula  is  /.  ^,   C  -,  Pm,   ^,  M,  ^:  the  upper  true  molars 

31  4  3 

having  concave  outer  surfaces  somewhat  like  those  of  Hyopotamus^ 
while  the  earlier  premolars  are  elongated  and  secant,  and  thus  ap- 
proach those  of  Xiphodon  ;  there  is  no  diastema.  The  limb-bones 
are  unknown,  but  it  is  probable  that  there  were  only  two  functional 
^  digits.     This  genus  occurs  in 

^  the  Upper  Eocene  of  Hamp- 

shire. In  Lop?iiotmryx  (fig. 
1207)  from  the  Upper  Eocene 
and  Lower  Miocene  of  the 
Continent,  the  hinder  inner 
crescent   of    the   upper   true 

Fig.  1207.— The  last  four  ri^hi  upper  check-ieeth       molarS   is   imperfectly  dcVClop- 

pUp^orii:!'^'  ''*"'^^'''  '"""  ""  <^"^     ed,  and  the  first  lobe  of  the 

lower  true  molars  resembles 
that  of  Anopiotherium,  while  the  second  is  Ruminant-like.  The 
lower  molars  also  resemble  those  of  Metriotherium  (p.  1329),  and 
the  family  position  of  this  genus,  which  is  referred  by  Prof  Cope 
to  the  TragulidcB,  is  still  doubtful.  Z.  Gaudryi  from  the  Quercy 
Phosphorites  has  been  made  the  type  of  the  genus  Cryptomeryx. 
In  Gelocus,  from  the  Quercy  Phosphorites  and  Lower  Miocene  of 
Puy-en-Velay,  it  is  not  known  whether  upper  incisors  were  present ; 

*  Prof.  Cope  would  include  in  this  family  ihe  type  genus  and  the  American 
Agriochotrus  and  Coloreodon. 
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but  the  upper  molars  have  low  columns,  with  wide  and  open 
valleys,  the  external  surface  of  each  lobe  resembling  that  of  Dick- 
adon.  The  navicular  and  cuboid  bones  of  the  tarsus  were  united, 
and  the  metatarsals  fused  into  a  cannon-bone,  although  the  meta- 
carpals were  distinct  Allied  to  this  genus  are  Phaneromeryx 
and  Protomeryx  of  the  Upper  Eocene  of  France;  while  Chctro- 
meryx  of  the  Siwaliks  of  India  may  be  provisionally  referred  to  this 
family. 

Family  TRAGULiDiE. — The  fossil  forms  included  in  this  family 
indicate  a  transition  from  the  typical  genus  on  the  one  hand  to  the 
DichodontidiEy  and  on  the  other  to  the  Cervida,  The  upper  true 
molars  have  four  columns,  and  the  earlier  premolars  are  more  or  less 
completely  secant  None  of  the  genera  were  furnished  with  antlers, 
and  it  is  probable  that  upper  incisors  were  likewise  always  absent. 
In  the  existing  forms 
the  upper  canines  of  the 
males  (fig.  1 208)  are  in 
the  shape  of  tusks;  there 
is  a  long  diastema  in 
both  jaws;  the  third 
stomach,  or  *psalterium,' 
is  wanting ;  and  the  pla- 
centa is  diffuse.  The 
feet  have  supplementary 

♦^.n^      ^^A    ♦k*    »«a4-»^««.  Fig.  x2o8.— Reduced  side  vi*w  of  ihc  skull  of 

toes,  and  the  metacar-  *  rraguius  javanicut, 

pals  of  the   third   and 

fourth  digits  either  unite  late  in  life  to  form  a  cannon-bone,  or  re- 
main (as  in  Hyomoschus)  permanently  separate.  Bachitherium  of 
the  Quercy  Phosphorites,  in  which  there  are  three  premolars  in  each 
jaw,  shows  resemblances  both  with  Gelocus^  Hyomoschus^  and  Pro- 
dremotherium ;  the  upper  teeth  being  very  similar  to  those  of  the 
latter.      In  Dorcatherium^  with  which  the  existing  Hyomoschus  of 

Africa  appears  generically  identical,  the  premolars  are  .— ^. ,  and  are 

of  a  secant  type,  and  thus  indicate  affinity  with  the  Dichodontidce  ; 
this  genus  is  found  in  the  Middle  Miocene  and  Lower  Pliocene  of 
the  Continent,  and  also  in  the  Pliocene  of  India.  Tragulus^  which 
differs  by  the  fusion  of  its  metapodials  into  cannon-bones,  and  by 
never  having  more  than  three  lower  premolars,  is  now  confined  to 
the  Oriental  region,  and  is  represented  by  one  species  in  the  Plio- 
cene of  India.  Leptomeryx^  from  the  Miocene  of  North  America, 
has  four  premolars,  of  which  the  first  three  are  simply  secant  as  in 
TraguJus,  while  the  fourth  has  an  inner  tubercle ;  there  are  four 
separate  metacarpals,  but  the  third  and  fourth  metatarsals  form  a 
cannon-bone,  as  in  Gelocus.     In  Prodremotherium,  of  the  Quercy 
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Phosphorites,  the  dentition  is  almost,  if  not  quite,  indistinguishable 
from  that  of  Leptomeryx,  but  cannon-bones  are  found  in  both  limbs, 
although  the  union  of  the  factors  in  the  anterior  ones  is  less  complete 
than  in  the  others.  These  two  genera  apparently  connect  Gelocus  so 
completely  with  the  cervine  Palaomeryx^  that  we  can  have  no  hesi- 
tation in  regarding  them  as  representing  the  direct  line  of  the 
descent  of  the  Cervida  from  the  DichodontidcB  ;  while  we  must  con- 
sider the  existing  Tragulida  as  lateral  offshoots  from  some  nearly 
allied  primitive  stock.  Hypertragulus^  from  the  Miocene  of  North 
America,  appears  to  be  a  form  closely  allied  to  Leptotneryx^  but  with 
the  metatarsals  separate. 

Family  PofeBROTHERiiDiE. — We  must  here  leave  for  a  short  time 
the  connection  between  the  Tragulida  and  the  Cervidce,  to  consider 
the  Camels  and  their  allies,  whose  nearest  existing  relations  are  to 
be  found  in  the  former  family.  The  Po'ebrotheriida  are  represented 
typically  by  the  genus  Poebrotherium^  of  the  North  American  Mio- 
cene, in  which  the  dental  formula  is  /.  ?,  (7.  -,  /Vw.-,  M,  ?.     The 

3143 
structure  of  the  cheek-teeth  is  selenodont ;  in  the  feet  the  third  and 
fourth  metacarpals  remain  distinct,  the  second  and  third  being  rudi- 
mentary; the  carpus  has  a  trapezium ;  and  the  navicular  and  cuboid 
are  not  fused  together.  The  structure  of  the  cervical  vertebrae  is 
the  same  as  in  the  Camelida^  of  which  this  family  may  be  r^[arded 
as  the  ancestral  type;  but  in  other  respects  there  are  signs  of 
affinity  with  the  Tragulida.  The  type  species  of  Poebrotherium  was 
scarcely  larger  than  a  Fox.  In  the  John  Day  Miocene  of  Oregon 
an  allied  form  has  received  the  name  of  Gomphotherium ;  while 
Leptotragulus  of  the  Upper  Eocene  of  the  United  States  may  be 
the  ancestral  form  of  both  the  Miocene  genera. 

Family  Camelid^e. — In  the  Camels  the  cheek-teeth  are  seleno- 
dont and  quadricolumnar,  but  of  somewhat  simpler  structure  than 
those  of  the  following  families.  The  navicular  and  cuboid  remain 
distinct,  but  the  metapodials  unite  to  form  a  cannon-bone.  At 
least  one  pair  of  upper  incisors  is  present;  and  in  the  cervical  verte- 
brae the  arterial  canal  passes  obliquely  through  the  anterior  part  of 
the  pedicle  of  the  neural  arch,  and  is  thus  confluent  posteriorly  with 
the  neural  canal;  a  similar  condition  prevailing  in  Macrauchenia 
among  the  Perissodactyla.  At  the  present  day  this  family  is  repre- 
sented by  Camelus  of  the  Old,  and  Auchenia  of  the  New  World ; 
but  it  appears  to  have  originated  in  the  latter,  where  a  large  number 
of  forms  have  been  found.  The  most  generalised  member  is 
Protolabis,  of  the  Miocene  of  the  United  States,  in  which  the  denti- 
tion is  numerically  the  same  as  in  Poebrotherium^  on  which  grounds 
Professor  Cope  makes  it  the  type  of  a  distinct  family.  In  Pro- 
camelus  (fig.  12 10,  b,  c)  of  the  Lower  Pliocene  or  Upper  Miocene 
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of  the  same  area,  the  incisors  were  reduced  (as  in  all  the  other  forms) 

to  -,  but  there  were  still  four  premolars,  although  the  first  is  isolated 

3 
and  the  second  very  small.    Pliauchenia  (which  is  perhaps  identical 
with  Homocamelus)  has  only  three  lower  premolars,  and  occurs  in  the 


FiK.  1309. — Left  lateral  view  of  the  skull  of  the  Camel  {Camelus  bactrianus).  Reduced. 
i.  Upper  incisor ;  c,  r.  Canines ;  /m,  Isolated  premolar.  The  maxillo-premaxillary  suture  should 
have  been  placed  in  front  of  c  instead  of  in  front  of/M. 

Loup-Fork-beds  of  North  America.      In  Camelus  again  (fig.  1209) 

the  normal  adult  formula  of  the  cheek-teeth  is  Fm,  %  M,  ^  ',  the 

3  3 

first  upper  premolar  being  canine-like,  and  separated  by  a  long 
interval  from  the  penultimate  tooth  of  that  series.  This  genus  is 
confined  to  the  Old  World ;  the  earliest  known  species  occurring  in 
the  Pliocene  of  India,  and  another  form  ( C,  Thomasi)  in  the  Pleisto- 
cene of  Algeria.  The  molars  of  the  Siwalik  species  show  characters 
now  only  found  in  Auchenia,    The  latter  generic  term  is  here  taken 


Fijf.  xaic— A,  First  left  lower  true  molar  of  Auchenia  hestema.  Pleistocene,  California;  b, 
Fourth  right  upper  premolar  and  first  true  molar  of  PnKamelus  virginiinsis^  Miocene,  North 
i ;  c.  Third  nght  lower  true  molar  of  do. 


to  include  a  number  of  fossil  New  World  forms  some  of  which 
have  been  generically  separated  under  the  names  of  Hemiauchenia. 
Palauchenia^  Frotauchenia,  Holomeniscus^  and  Eschatius.      In  the 
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existing  species,  which  occur  fossil  in  the  caves  of  Brazil,  the  pre- 
molars are  normally  -  in  number,  but  there  is  often  but  one  of 

2 

these  teeth  in  the  lower  jaw ;  in  A,  (Palauchenid)  magna  from  the 
Pleistocene  of  Mexico,  there  were  always  two  and  occasionally  three 
lower  premolars;  while  in  a  Pleistocene  South  American  species 
{Hemiaiuhenia)  there  were  three  premolars  in  both  jaws.  In  A, 
{Hoiomeniscus)  hestema  (fig.  1 2  lo,  a),  from  the  Pleistocene  of  North 
America,  on  the  other  hand,  the  premolars  were  reduced  to  one  in 

each  jaw ;  while  A,  (£sc/uitius) 
vitakeriana  has  the  same  num- 
ber, but  is  distinguished  by  the 
simpler  nature  of  the  upper  one. 
The  majority  of  the  species  were 
of  comparatively  small  size,  but 
A,  magna  and  A,  hesierna  were 
equal  in  bulk  to  the  Camels  of 
the  present  day. 

Family  CERViDiE. — ^The  pres- 
ent and  three  following  families 
of  the  suborder  collectively 
constitute  the  Pecora  of  re- 
cent Zoology; — a  group  well 
defined  at  the  present  day, 
but,  as  already  mentioned, 
connected  in  past  epochs  most 
intimately  by  this  family  with 
the  Tragulida,  The  dentition 
of  the  entire  group  is  usually 

•/.  -,   C   ,  jPw.   -,  M,  -  \ 

3  I  3.3 

upper  incisors  being  invariably 
absent  The  true  molars  are 
perfectly  selenodont,  and  the 
upper  ones  carry  four  columns ; 
the  second  premolar  is  always 
in  contact  with  the  third ;  there 
is  a  long  interval,  or  diastema, 

Fig.  121 1.— A,  Dorsal  aspect  of  the  right  manus   bctWCCn     the     loWCr     prCmolaiS 
of  Ox  {Bos  taurus) ;  b,  Do.  of  right  pes  of  Red-  ,  .  j    ^u       i   *^^-    :*. 

Viw  {Cervus  eiaphus).  Reduced,  c*,  Carpus;  and  caume ;  and  the  latter  is 

/«,  Tarsus  ;c,Metapodium(cannon-boneX  approximated     tO,     and    clOSCly 

resembles  the  incisors.  The 
third  and  fourth  metapodials  i^g,  121 1)  coalesce  into  a  cannon- 
bone  ;  the  navicular  and  cuboid  of  the  tarsus  are  likewise  united ; 
and  the  odontoid  process  of  the  axis  vertebra  forms  a  spout-like 
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half-qrlinder.  Moreover,  in  all  existing  members  of  this  group 
the  lateral  metapodials  are  either  incomplete  or  totally  wanting 
(fig,  121 1);  the  stomach  is  composed  of  four  complete  cavities; 
and  the  placenta  develops  structures  known  as  cotyledons.  On  the 
skull  either  horns  or  antlers  are  very  generally  present,  at  least  in 
the  males  of  recent  forms. 

In  the  Cervida  upper  canines  are  generally  present,  although 
with  a  few  exceptions  they  are  of  comparatively  small  size;  the 
cheek-teeth,  and  more  especially  in  the  earlier  forms,  are  very 
generally  of  a  more  or  less  brachydont  structure,  the  first  true 
molar  being  invariably  of  this  type;  and  the  upper  premolars 
always  have  both  an  inner  and  an  outer  column,  and  are 
never  simply  secant  like  those  of  the  existing  Traguiida,  In 
the  skull  there  is  always  a  large  vacuity  in  front  of  the  lachry- 
mal, which  prevents  that  bone  from  articylating  with  the  nasal. 
In  a  large  number  of  forms  antlers  are  present  in  the  male, 
and  in  Rangifer  also  in  the  female.  Antlers,  it  may  be  ob- 
served,  are   outgrowths   of  true   bone    arising    from    the   frontal 


Fig.  X3ia. — Reduced  left  lateral  aspect  of  the  skull  of  the  Roebuck  {Caprtolus  caprea). 

region  of  the  skull  (fig.  121 2),  which  during  their  development 
are  invested  with  a  vascular,  hairy  skin.  On  the  completion  of 
their  growth  a  constriction  of  the  blood-vessels  near  their  base  is 
usually  brought  about  by  the  formation  of  a  burr^  and  above 
this  point  the  skin  peels  off  and  leaves  the  bone  bare  and  in- 
sensible ;  after  a  time  the  antler  is  shed,  leaving  a  more  or  less 
elongated  pedicle  attached  to  the  skull,  from  which  a  new  antler 
is  developed.  In  young  animals  the  antlers  are  simple,  and  in 
those  species  in  which  they  finally  attain  a  great  complexity,  this 
is  acquired  gradually  in  successive  annual  growths.  Each  antler 
always  consists  of  a  main  stem  or  beam^  and  usually  of  one  or  more 
branches  or  tines ;  of  which  the  one  immediately  above  the  burr 
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is  termed  the  drow-tine.  The  lateral  digits  are  nearly  always 
present,  and  the  distal  extremities  of  the  metapodials  may  be  pre- 
served. The  existing  Deer  have  been  divided  into  the  Plesiometa- 
carpalia  {Cervus  and  Cervulus\  and  the  Telemetacarpalia  {Alus^ 
Capreolus^  Cariacus^  and  Rangifer);  the  former,  which  mainly  in- 
habit the  Old  World,  characterised  by  the  retention  of  the  proximal, 
and  the  latter  of  the  distal  extremities  of  the  lateral  metacarpals. 
As  in  many  analogous  instances,  the  development  of  the  anders'of 
the  individual  is  paralleled  by  their  development  in  the  family; 
since  we  find  that  many  of  the  earlier  members  were  totally  un- 
provided with  these  appendages,  and  that  their  extreme  complexity 
in  the  more  specialised  forms  was  not  acquired  until  a  late  period 
in  the  geological  scale. 

The  least  specialised  members  of  this  family  form  the  closely 
allied  extinct  genera  Amphitragulus  and  Palaomeryx,  In  the  former 
there  are  four  lower  premolars,  and  antlers  were  entirely  absent ;  the 
crowns  of  the  molars  being  low.  The  largest  species  was  somewhat 
bigger  than  the  Musk-Deer,  and  the  genus  is  characteristic  of  the 
Lower  Miocene  of  the  Contment.  Paiaomeryx  {Dremotherium^ 
DicroceroSy  and  Micromeryx  being  included)  has  only  three  lower 
premolars,  except  in  one  species ;  and  the  upper  true  molars  (fig. 
1 2 13),  like  those  of  Amphitragulus^  were  brachydont,  and  had  no 
distinct  accessory  column  between  the  inner 
crescents.  In  one  species  (P,  Feignouxi)  the 
lateral  metacarpals  were  perfect,  although  very 
slender,  and  the  males  had  long  upper  canines 
like  those  of  the  Musk-Deer,  but  no  antlers ; 
this  species  being  the  earliest,  and  occurring 
in  the  Lower  Miocene  of  France.  In  P.  fur- 
catus  {Dicroceros  elegans\  of  the  Middle  Mio- 
Fig.^- Left  upper  ^^"^»  simple  an tlcrs  were,  however,  present, 
true  molar  of  PaUromtryx  and  the  canincs  Were  apparently  small.  P- 
jrr.tf«w/f.  locene,  n-  j^^j^^j^  ^f  ^^ie  French  Middle  Miocene,  and 
P,  sivalensis  (fig.  12 13),  of  the  Pliocene  of 
India,  were  as  large  as  a  Red  Deer ;  and  the  latter  species,  together 
with  another  from  the  Pliocene  of  China,  were  the  last  representa- 
tives of  the  genus,  of  which  the  latest  appearance  in  Europe  is  in 
the  Middle  Miocene  of  Sansan,  in  France.  Platyprosopus^  from  the 
latter  beds,  is  distinguished  by  the  great  projection  of  the  angle  of 
the  mandible.  To  the  existing  Oriental  genus  Cervulus,  in  which 
the  molars  are  more  hypsodont,  and  simple  antlers  mounted  on  a 
long  pedicle  are  present,  may  be  provisionally  referred  C  dicrano- 
teros  {^g,  1 2 14,  a),  of  the  Pliocene  of  Eppelsheim.  There  is  some 
uncertainty  as  to  the  earliest  appearance  of  the  genus  Cervus^  but  it 
not  improbably  dates  from  the  Middle  Miocene,  and  was  abundant 
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in  the  Lower  Pliocene ;  at  the  present  day  it  ranges  throughout  the 
Palaearctic  region,  but  is  unknown  in  the  Ethiopian  region  and  the 
greater  part  of  America.  This  genus,  as  we  have  already  observed, 
belongs  to  the  Plesiometacarpalian  section ;  the  antlers  may  be  of 


Fi^.  13x4. — A,  Antler  of  Certmius  (?)  dicranocerot—VWoctnt ;  b.  Antler  of  Cervus  pardinensh 
— Pliocene ;  c.  Antler  of  the  Red  Deer  {CervHS  etapkus)  in  the  second  year ;  d,  Antler  of  the 
same  in  iu  fully-grown  condition ;  s,  Antler  and  bony  pedicle  of  the  frontal  bone  of  the  Muntjak 
{pgnfuim  muntjak)  \  P,  Antler  of  the  Fallow  Deer  {pervu*  dama). 

extreme  complexity ;  and  the  hinder  molars  are  either  brachy-  or 
hypsodont,  there  being  frequently  an  inner  accessory  column  in  the 
upper  true  molars. 

The  genus  is  divided  into  a  number  of  groups,  of  which  the  distribution 
can  only  be  briefly  noticed.  The  most  aberrant  is  the  Tetracerotine 
group,  formed  by  Cervus  tetraceros  of  the  French  Pliocene,  in  which  the 
antlers  approximate  to  those  of  Cariacus.  The  Axine  group,  now  con- 
fined to  the  Oriental  region,  in  which  the  molars  are  more  hypsodont 
than  usual,  and  the  antlers  are  rounded  and  comparatively  simple,  is 
represented  by  several  species,  such  as  Cpardinemis  (fig.  12 14,  B),  in  the 
Pliocene  of  Europe,  while  the  living  C  axis  occurs  in  the  Pleistocene  of 
Madras.  The  Oriental  Rucervine  group  has  a  representative  in  C  siva- 
lensis^  of  the  Pliocene  of  India ;  while  the  allied  Rusine  group,  of  the 
same  region,  in  which  the  antlers  are  still  comparatively  simple,  and 
with  their  beam  often  strongly  grooved,  is  known  in  a  fossil  state  by  the 
remains  of  existing  species  from  the  Pleistocene  of  India.  In  the  Ela- 
phine  group,  which  includes  the  Canadian  Wapiti  (C  canadensis),  the  Red 
Deer  (C  elaphus)  of  Europe  and  North  Africa,  together  with  some  large 
species  from  the  Palaearctic  region,  the  antlers  (fig.  12 14,  c,  d),  although 
still  rounded,  are  often  cupped  at  their  summits,  and  carry  a  second, 
or  bez'ttne^  immediately  above  the  brow- tine.  In  this  group  remains 
referable  to  the  existing  Red  Deer  (CT.  elaphus)  are  of  common  occurrence 
in  the  Pleistocene  of  Europe.  Some  of  the  fossil  antlers  and  jaws  indi- 
cate, however,  much  larger  animals  than  any  Red  Deer  now  existing. 
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and  it  has  been  suggested  that  these  remains  belong  either  to  Ceryus 
maral  of  Persia,  or  to  the  Wapiti  (C  canadensis)  of  North  America. 
Both  these  forms  are,  however,  closely  allied  to  the  Red  Deer,  and  it 
appears  preferable  to  regard  all  the  European  fossils  as  referable  to  a 
smgle  species  from  which  the  three  existing  types  are  derived.  There 
is,  however,  the  name  C  spelaus  for  the  large  fossil  form  (which  is  of 
earlier  date  than  the  name  C  maral)^  if  that  be  really  distinct  from  C. 
elaphus.  Remains  of  the  Wapiti  are  recorded  from  the  Pleistocene  of 
the  United  States. 

The  Eucladocerotine  group  comprises  C.  Sedgwicki  of  the  Norfolk 
Forest-bed  and  the  Upper  Pliocene  of  Italy,  in  which  the  antlers  are 


Fig.  I3Z5.— Skeleton  of  the  Irish  I>eer  {Certm* giganteus) ;  from  the  Pleistocene  of  Irdaod. 
Greatly  reduced,    ^ter  Owen.) 

more  complex  than  in  any  other  species.  In  the  Damine  group  the 
antlers  (fig.  1214,  f)  have  their  terminations  palmated,  and  the  brow-tine 
simple  ;  the  existing  Fallow-Deer  (C  damd)  occurs  in  the  bone-caves  of 
Gibraltar,  while  allied  forms  are  found  in  the  English  Forest-bed  and 
Crag ;  the  most  noteworthy  being  C  verttcomis^  in  which  the  brow-tine 
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IS  bent  sharply  downwards.  The  last  group  which  it  is  necessary  to 
mention  here  is  the  Megacerotiney  which  contains  only  the  Irish  Deer 
(Cervus  giganteusy  fij^.  121 5),  characterised  by  its  enormous  palmated 
antlers  (ng.  12 16),  which  diverge  at  right  angles  from  the  plane  of  the 
frontals,  and  have  a  distinct  brow-  {Br)  and  bez-  {Bz)  tine,  and  a  small 
posterior  tine  {PT)  on  the  opposite  side  of  the  beam  to  the  bez-tine. 
Remains  of  this  fine  species  are  found  in  the  Pleistocene  of  Northern 
Europe,  and  are  especially  abundant  in  the  bogs  of  Ireland,  where  speci- 
mens have  been  found  with  a  spread  of  more  than  eleven  feet  between 
the  tips  of  the  antlers. 

Passing  to  the  Telemetacarpalian  genus  Rangifer^  which  is  at  once 
characterised  by  the  peculiar  form  of  the  antlers  and  their  presence 
in  both  sexes,  we  find  remains  of  the  existing  Reindeer  {R.  tarandus\ 


Fig.  iai6.— Skull  and  antlen  of  Ctrtms gigamieus.     Reduced. 
Posterior  tine.    (After  Scott.) 


Br,  Brow-,  Bz,  Be*-,  PT, 


now  confined  to  the  higher  latitudes  of  the  Northern  Hemisphere, 
abundant  in  the  Pleistocene  of  a  large  portion  of  Europe.  In  Alces 
the  Elk,  or  Moose  {A.  machlis\  of  the  northern  parts  of  Europe  and 
America,  occurs  in  the  Pleistocene  of  the  same  regions ;  while  an  ex- 
tinct species  has  been  described  from  the  Norfolk  Forest-bed.  The 
antlers  (fig.  12 17)  have  no  bez-,  and  apparently  no  brow-tine,  but 
are  divided  into  an  anterior  forked  branch  {A)  and  a  posterior  pal- 
mated one  {P).  A  very  remarkable'  form  from  the  Pleistocene  of 
North  America,  described  under  the  name  of  CervalceSy  appears  to 
connect  Alces  with  CervuSy  although  it  belongs  clearly  to  the  Tele- 
metacarpalian section.  Thus  the  antlers  (fig.  12 18)  are  superiorly 
divided  into  an  anterior  {A)  and  posterior  (P)  branch ;  but  below 
the  latter  there  occur  two  tines  {Bz  and  PT)^  which  Dr  Scott 
regards  as  probably  corresponding  to  the  bez-  and  posterior  tines 
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of  the  Irish  Deer.  And  we  may  likewise  trace  an  intermediate 
type  in  the  vertical  height  of  the  skull,  and  the  form  and  connec- 
tions of  the  nasal  and  premaxillary  bones.  In  Capreolus^  where  the 
antlers  are  simple  and  rounded,  the  existing  Roe  (C  cqprea^  fig. 
1 2 1 2)  occurs  in  the  European  Pleistocene ;  while  C,  cusanus,  of  the 
French  Pliocene,  is  regarded  as  the  ancestor  of  that  species;  and 
the  peculiar  C.  Maiheroni^  of  the  Lower  Pliocene  of  both  Greece 
and  France,  is  provisionally  referred  to  the  same  genus.  Cariacus, 
again,  which  is  peculiar  to  the  New  World,  and  is  characterised 


Fig.  12x7.— Skull  and  antlers  of  the  Elk  {Akes  macklis,)    Reduced. 
B^  Posterior  branch.    (After  Scott.) 


At  Anterior; 


either  by  very  simple  prong-like  antlers,  or  by  a  more  complex  form 
totally  unlike  those  of  any  existing  European  members  of  the  family, 
is  represented  by  several  existing,  and  perhaps  by  some  extinct, 
species  in  the  Pleistocene  of  South  America.  Lastly,  it  should  be 
observed  that  antlered  Deer  occur  in  the  Tertiaries  of  North 
America,  and  the  name  Blasiomeryx  has  been  applied  to  one  form 
which  is  regarded  as  the  ancestor  of  Cariacus, 

All  the  preceding  existing  genera  belong  to  the  subfamily  CervifUB^ 
but  the  Musk-Deer  (Moschus\  of  the  Himalaya  and  regions  to  the 
northward,  is  the  type  of  a  second  subfamily — the  Moschina,    This 
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genus,  in  which  there  are  no  antlers,  and  the  upper  canines  of  the 

male  attain  an  excessive  development,  not  improbably  occurs  fossil 

in  the  Pliocene  of  the  Siwalik  Hills. 

Family  GiRAFFiDiE. — In  this  family,  which  is  taken  to  include 

the  Sivatheriida  of  some  authors,  the  cranial  appendages,  when 

present,  appear  to  be  intermediate  in  character  between  those  of 

the  Bovtda  and  Cervida.     The  teeth  are  more  or  less  brachydont, 

o         o 
and  invested  with  a  rugose  enamel ;  their  number  being  /.  -,  C  -, 

%  %  31 

Pm,  -,  M,  -.     The  type  genus  Giraffa  {Camelopardalis\  which  at 

•J  «j 

the  present  day  is  represented  only  by  G,  camelopardalis  of  Africa, 
is  closely  allied  to  the  Cervidas^  in  which  family  it  is  included  by 
Professor  Riitimeyer;  the  frontal  appendages  consist  of  a  pair  of 


Fig.  1S18 — Skull  and  antlers  of  Cervaices  americantu;  from  the  Pleistocene  of  North  America. 
Reduced.     Letters  as  in  figs.  1216  and  1317.    (After  Scott.) 

short,  erect,  bony  processes,  at  first  connected  by  suture,  but  subse- 
quently anchylosed  to  the  skull,  which  are  covered  with  hairy  skin, 
and  are  present  in  both  sexes.  Anteriorly  to  these  there  is  a  median 
process  on  the  frontals  and  nasals,  which  is  sometimes  termed  a 
third  horn.  There  are  no  traces  of  lateral  digits ;  the  humerus  has 
a  double  bicipital  groove ;  there  is  a  lachrymal  vacuity  in  the 
cranium ;  and  the  neck  and  limbs  are  enormously  elongated. 
Fossil  species  occur  in  the  Lower  Pliocene  of  Greece,  Persia, 
India,  and  China.  Vishnutheriutn^  of  the  Siwaliks  of  Burma  and 
India,  appears  to  be  an  allied  genus,  with  shorter  limbs,  but  the 


Digitized  by  LjOOQ  IC 


1344  CLASS  MAMMALIA. 

cranium  is  unfortunately  unknown.  The  next  place  in  the  series 
is  occupied  by  Helladotherium^  of  the  Lower  Pliocene  of  Greece, 
India,  and  perhaps  Persia,  in  which  the  cranium  is  devoid  of  ap- 
pendages, and  the  molar  teeth  become  more  like  those  of  the  Elk. 
The  limbs  are  comparatively  short  and  stout ;  the  cranium  has  no 
lachrymal  vacuity ;  and  the  one  known  species  was  of  considerably 
greater  bulk  than  the  Giraffe.  With  Hydaspitherium^  of  the  Pliocene 
of  North-western  India,  we  enter  the  group  in  which  the  cranium 
was  provided  with  large  branching  antler-like  appendages,  although 
the  exact  nature  of  their  covering  is  unknown.  These  appendages 
in  this  genus  rise  from  a  common  base  situated  immediately  in 
advance  of  the  occiput,  but  their  form  is  not  known ;  there  were 
lachrymal  vacuities  in  the  cranium.  An  apparently  allied  form, 
from  the  Pliocene  of  Persia,  has  been  named  Urmiatherium,  In 
Bramatherium^  of  the  Pliocene  of  Western  India,  there  were  two 


Fig.  1319.— Skull  of  Stvathirium  gieanteum ;  reduced.    Pliocene,  India.    The  positkm  of 
the  hinder  anUers  should  probably  be  reversed. 

pairs  of  these  antler-like  appendages,  the  anterior  pair  arising  from 
a  common  base,  and  being  of  large  size.  Lastly,  we  have  SriHi' 
therium  (fig.  12 19),  of  the  Pliocene  Siwaliks  of  North-eastern  India, 
in  which  the  neck  and  limbs  were  not  developed  beyond  the  normal 
proportions.  There  are  two  pairs  of  cranial  appendages,  the  bases 
of  each  being  separate.     The  anterior  pair  are  conical,  like  those  of 
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the  Giraffe ;  while  the  posterior  ones  are  palmate,  and  resemble  the 
antlers  of  the  Elk.  The  latter  pair  are  marked  by  the  impressions 
o(  large  blood-vessels,  as  in  the  Cervtda,  but  do  not  show  the  burr 
characteristic  of  that  family,  from  which  it  is  inferred  that  they  were 
not  shed.  There  is  no  lachrymal  vacuity  in  the  cranium ;  the  nasals 
are  short  and  arched ;  and  the  bones  of  the  skeleton  approximate 
in  structure  to  those  of  the  Cervida.  Some  authorities  regard  this 
genus  as  most  closely  allied  to  brachydont  Antelopes  like  Sirepsi- 
(eros^  but  it  appears  to  be  so  intimately  connected  with  the  preced- 
ing forms  that  it  seems  imperative  to  place  it  in  the  same  family, 
although  it  may  indicate  an  approximation  to  the  Bovida. 

The  remarkable  genus  Samotherium^  of  the  Lower  Pliocene  of 
the  Isle  of  Samos,  is  referred  by  Dr  Forsyth-Major  to  the  present 
family,  although  its  skull  makes  a  remarkable  approximation  to  that 
of  the  antelopoid  genus  Palaotragus.  The  females  were  hornless, 
but  the  males  had  a  pair  of  small  horns  immediately  above  the 
orbit  The  molars  are  described  as  being  very  like  those  of  the 
Giraffe. 

Family  Antilocapridje. — This  family  is  now  represented  only 
by  the  American  Prong-buck  {Antiiocapra\  in  which  the  horns  are 
of  the  same  nature  as  in  the  Bovida^  but  differ  in  being  bifurcated, 
and  in  the  shedding  of  their  sheath.  Remains  of  Antilocapra  occur 
in  the  Pleistocene  of  North  America ;  and  it  is  thought  that  Cosoryx^ 
of  the  Pliocene  of  the  same  country,  may  have  been  the  direct  an- 
cestor of  the  existing  genus. 

Family  BoviDiE. — In  this,  the  last,  family  are  comprised  the 
most  specialised  members  of  the  whole  suborder,  such  as  the 
Antelopes,  Goats,  Sheep,  and  Oxen.  The  general  characters  of 
the  greater  part  of  the  skeleton  are  the  same  as  those  mentioned 
under  the  head  of  the  Cervida ;  but  a  remarkable  difference  is 
found  in  respect  of  the  frontal  appendages.  These  appendages 
(fig.  1222)  are  paired,  and  consist  of  persistent  bony  processes,  into 
which  the  air-cells  from  the  frontal  diploe  often  extend ;  they  are 
generally  subconical  or  triangular,  and  often  twisted,  but  never 
branched.  These  "  horn-cores,"  as  they  are  termed,  are  covered 
with  the  true  horns,  which  are  composed  of  an  epidermal  fibrous 
structure,  and  are  never  shed.  The  males  of  all  existing  genera  in 
the  wild  state  are  furnished  with  these  horns,  and  they  are  also 
present^  although  of  smaller  size,  in  the  females  of  the  great 
majority.  In  certain  domesticated  races  of  so-called  pol/ed  Sheep 
(fig.  1220),  Goats,  and  Cattle,  the  horns  are,  however,  wanting  in 
both  sexes ;  and  this  peculiarity  is  with  great  probability  regarded 
as  an  instance  of  reversion,  since  these  appendages  are  also  wanting 
in  some  allied  Tertiary  forms  of  two  of  these  groups.  In  the 
cranium  there  is  generally  no  lachrymal  vacuity,  and  the  lachrymal 


Digitized  by  LjOOQ  IC 


1346 


CLASS   MAMMALIA. 


consequently  articulates  largely  with  the  nasal  (fig.  1220);  but  in 
certain  Antelopes  this  vacuity  is  present,  when  the  relations  of  these 
bones  are  the  same  as  in  the  Cervida,  Another  very  characteristic 
feature  of  the  Bovida^  as  a  whole,  is  the  hypsodont  character  of 
their  cheek-dentition.  In  many  of  the  Antelopes  (fig.  1 221)  this 
feature  is  only  moderately  developed,  but  in  the  Sheep,  Goats,  and 
Oxen  it  is  carried  to  an  excessive  degree ;  and  in  the  latter  group 
the  valleys  of  the  teeth  are  filled  up  by  a  coating  of  cement.  This 
feature,  like  that  of  the  relations  of  the  lachrymal,  is,  however,  not 
absolutely  distinctive  of  the  Bovida^  since  we  find  many  Antelopes 


Fig.  1220.— Skull  of  a  hornless  Sheep  (Otn's),  Reduced.  /,  Incisors ;  c,  Canines ;  m,  Cheek* 
teeth ;  /mjc,  Premaxilla ;  mjc.  Maxilla ;  mi,  Nasal ;  /,  Lachrymal ;  ju,  Jugal ;  Jr,  Frontal ;  /«. 
Parietal.    (After  Owen.) 

(and  especially  those  having  a  lachrymal  vacuity)  with  a  decidedly 
brachydont  dentition.  The  upper  true  molars  frequently  have  a 
large  accessory  inner  column  (fig.  1221).  Functional  canines  are 
wanting  in  all  existing  forms.  The  lateral  digits  may  or  may  not 
be  present,  but  in  no  living  form  is  there  a  distal  renmant  of  the 
lateral  metapodials. 

This  family  does  not  apparently  date  further  back  than  the 
Middle  Miocene,  where  it  is  represented  by  members  of  its  least 
specialised  group,  the  Antelopes;  the  Sheep  and  Oxen  not  ap- 
pearing till  the  Pliocene.  It  has  been  suggested  that  the  femily 
originated  from  the  same  ancestral  forms  as  the  Cervt'da. 

Commencing  with  the  Antelopes,  and  confining  our  attention  to 
those  forms  in  which  the  genus  has  been  more  or  less  accurately 
determined,  we  find  in  the  Alcelaphine  section,  which  is  now  con- 
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fined  to  Africa  and  Syria,  the  existing  genus  Alcelaphus  represented 
in  the  later  Tertiaries  of  Algeria,  and  also  in  the  Pliocene  Siwaliks 
ol  India;  the  species  from  the  latter  deposits  being  apparently 
allied  both  to  the  Hartebeast  (A,  caatnd)  and  the  Bontebock  (A, 
pygargus).  These  antelopes  have  recurved  or  lyre-shaped  horns; 
their  skull  has  no  supraorbital  pits,  and  may  have  a  very  long 
face;  while  the  molar  teeth  are  very  narrow.  In  the  Cephalopine 
section,  comprising  Indian  and  African  species  of  comparatively 
small  size,  the  existing  Four-horned  Antelope  {Tetraceros  quadri- 
comis)  is  found  in  a  fossil  state  in  the  cave-deposits  of  Madras; 


Fig.  laaz.— Inner  and  outer  views  of  the  second  Jeft  upper  true  molar  of  the  Nilghai 
(Boseiaphus tragocamelui).    Recent;  India. 

while  an  extinct  species  occurs  in  the  Siwaliks.  The  African  genus 
Cephalopus  may  perhaps  also  occur  in  the  latter  deposits.  The 
Cervicaprine  section  is  now  confined  to  Africa,  and  includes  some 
very  large  antelopes  in  which  the  females  are  hornless.  Cobus^  in 
which  the  skull  has  well-marked  supraorbital  pits,  appears  to  be 
represented  in  the  Indian  Siwaliks  by  species  as  large  as  some  of 
the  African  forms.  In  the  Pliocene  Pikermi  beds  of  Greece  an 
antelope  with  round  l5nrate  horns,  described  as  Helicophora^  appears 
to  be  allied  in  some  respects  with  Cobus^  although  it  has  lachrymal 
vacuities,  but  no  distinct  supraorbital  pits.  In  the  typical  Antelopine 
section,  which  is  allied  in  many  respects  to  the  preceding,  there  are 
always  well-developed  supraorbital  pits,  and  the  molar  teeth  are 
hypsodont,  and  resemble  those  of  the  sheep.  The  type  genus 
Antilope^  which  has  round  and  spirally  twisted  horns,  is  known  in 
the  Pleistocene  of  India  by  remains  of  the  one  existing  species  A, 
urvicapra  (Black-buck);  the  existing  Siberian   Saiga  tariarica  is 

^  Originally  described  under  the  preoccupied  name  of  Helicoceros. 
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found  fossil  in  the  cave-deposits  of  Europe ;  while  the  Afro-Asiatic 
genus  Gaulla^  in  which  the  lyrate  horns  are  laterally  compressed, 
occurs  in  the  Pliocene  of  Europe,  Africa,  and  India,  as  well  as  in 
the  Norfolk  Forest-bed.  The  Hippotragine  section  may  be  taken  to 
include  the  existing  African  genera  Oryx^  Addax^  and  HippotraguSy 
and  is  characterised  by  the  long  and  straight^  or  backwardly-curved 
horns,  the  absence  of  supraorbital  pits  in  the  skull,  and  the  broad 
and  hypsodont  upper  molars,  which  resemble  those  of  the  oxen. 
In  a  fossil  state  this  section  is  represented  by  Hippotragus  in  the 
Indian  Siwaliks ;  and  also  by  the  extinct  Palaoryx^  of  the  older 
Pliocene  of  Greece,  Italy,  Samos,  and  France,  which  appears  to 
have  been  closely  allied  to  Oryx^  although  showing  some  affinity  to 
Hippotragus,  The  last  section  into  which  the  true  existing  ante- 
lopes may  be  divided  is  the  Tragelaphine^  comprising  Boselaphus  in 
India,  and  TragelaphuSy  Strepsiceros^  and  Oreas  in  Africa.  In  the 
Indian  genus,  of  which  the  Nilghai  is  the  only  existing  representa- 
tive, the  horns  are  short  and  upright,  and  are  not  present  in  the 
females,  while  the  dentition  is  hypsodont  (fig.  1221);  fossil  forms 
occur  in  India  from  the  Siwaliks  upwards.  In  the  African  forms 
the  horns  are  spirally  twisted,  with  two  more  or  less  well-defined 
longitudinal  ridges,  the  skull  has  deep  supraorbital  pits  and  lachry- 
mal vacuities,  but  no  pit  in  the  lachrymal  itself,  and  the  molars  are 
broad  and  brachydont  like  those  of  the  Cervida.  Strepskeros 
(Kudu),  in  which  the  anterior  ridge  on  the  horns  is  much  the 
stronger  of  the  two,  apparently  occurs  in  the  Indian  Siwaliks,  which 
may  also  contain  a  representative  of  the  allied  Oreas  (Eland).  The 
extinct  Palceoreas  (fig.  1222),  of  the  Lower  Pliocene  of  Europe  and 
Algeria,  appears  to  have  been  allied  to  both  the  preceding  genera ; 
while  the  so-called  Antilope  torticomis,  of  the  Pliocene  of  France, 
has  the  posterior  ridge  of  the  horns  the  most  developed,  as  in  the 
existing  Tragelaphus^  to  which  genus  it  has,  indeed,  been  referred. 
The  remarkable  ProtragelaphuSy  of  the  Lower  Pliocene  of  Greece, 
differs  from  all  the  preceding  genera  in  that  the  horns  have  only  a 
posterior  longitudinal  ridge,  in  the  absence  of  supraorbital  pits,  and 
in  the  development  of  lachrymal  depressions  like  those  of  the  Cer* 
vida.  With  the  Rupicaprine  section  of  this  family  we  come  to  genera 
showing  characters  connecting  the  true  antelopes  with  the  goats; 
but  the  only  definitely  known  fossil  remains  belong  to  the  existing 
alpine  Chamois  {Rupicapra)^  which  occurs  fossil  in  the  cave-deposits 
of  the  Continent  Under  the  name  of  the  Palaotragine  section 
may  be  included  three  extinct  Tertiary  genera  having  the  laterally 
compressed  horn-cores  of  the  goats,  but  the  upper  molars  more  or 
less  like  those  of  the  brachydont  antelopes.  The  earliest  of  these 
genera,  and  indeed  of  all  the  antelopes,  is  Protragoceros,  of  the 
Middle  Miocene  of  France,  one  of  the  species  having  been  long 
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since  described  as  Antilope  davaia  {sansaniensis).  These  were 
small  forms,  with  short  horns,  and  the  crowns  of  the  molars  very 
short  and  moderately  wide.  In  Paiaotragus  and  Tragoceros^  of  the 
Lower  Pliocene  of  Greece  and  Samos,  the  horns  were  larger,  and 
the  molars  wider.  The  former  genus  is  considered  to  be  allied  to 
SamotheriuMy  noticed  among  the  Giraffida,  The  true  Goats  and 
Sheep,  collectively  forming  the  section  Caprina^  are  characterised 
by  their  more  or  less  laterally  compressed  and  often  angulated  horn- 
cores,  which  may  be  either  curved  backwards,  as  in  the  Ibex,  spir- 
ally twisted,  as  in  the  Markhoor,  or  with  a  peculiar  outward  curvature 
and  twist,  as  in  the  Sheep ;  the  horns  themselves  being  frequently 


Fig.  ins.— Left  lateral  view  of  the  cranitun  of  Palttortas  Lindermaytri;  from  the  Lower 
Pliocene  Pikermi  beds  of  Greece.  Reduced.  The  lachrymal  vacuity  is  omitted.  (After 
Gaodry.) 

marked  on  the  anterior  surface  by  transverse  ridges.  In  all  the 
genera  the  dentition  is  markedly  hypsodont,  and  in  existing  forms 
the  accessory  inner  column  of  the  upper  true  molars  is  wanting. 
None  of  them  show  a  lachrymal  vacuity ;  but  in  the  Sheep  there  is 
generally  a  deep  depression  (larmier)  in  this  bone,  which  is  absent 
in  the  Goats.  Capra  may  perhaps  occur  in  the  Upper  Pliocene  of 
France ;  it  is  represented  in  the  Pliocene  of  the  Indian  Siwaliks  by 
one  species  (C  sivaUnsis\  which  is  probably  the  ancestor  of  the 
Himalayan  Thar  (C  jemiaica)',  by  another  species  equally  closely 
allied  to  the  Markhoor  (C  Falconeri\  of  the  same  region ;  and  not 
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improbably  by  a  third  allied  to  the  Himalayan  Ibex  (C  sibirica). 
Remains  of  the  Pyrenean  Ibex  (C,  pyrenaicd)  are  found  in  the 
Pleistocene  cave-deposits  of  Gfcraltar;  and  those  of  the  common 
Goat  (C  hircus)  in  the  turbaries  and  fens  of  England.  The  very 
remarkable  hornless  genus  Bucapra^  from  the  Siwaliks  of  India,  has 
a  skull  presenting  a  great  resemblance  to  that  of  the  Ck>ats,  but 
cheek-teeth  like  those  of  the  Oxen.  The  true  Sheep  (Ovis)  appear 
to  be  a  group  of  very  late  origin,  and  are  scarcely  known  in  a  fossil 
condition ;  a  large  species  has,  however,  been  described  from  the 
Norfolk  Forest-bed  as  O,  {Caprovis)  Savignt\  which  was  apparently 
allied  to  the  existing  Argali.  The  Musk-Ox  {Ovibos)  of  the  Arctic 
regions,  which  forms  a  connecting  link  between  the  Caprina  and 
BovifMy  occurs  fossil  in  the  Pleistocene  of  Europe  and  Alaska; 
while  two  closely  allied  forms,  from  the  Pleistocene  of  Kentucky 
and  Arkansas,  have  been  respectively  named  O.  (Bodtherium)  bombi- 
Jrons  and  O,  cavifrons. 

The  members  of  the  Bovine  section,  comprising  about  thirteen 
recent  species  distributed  over  the  greater  part  of  Europe,  Asia, 
Africa,  and  North  America,  agree  with  the  Caprine  section  in  having 
no  lachrymal  vacuities,  but  differ  from  the  recent  members  of  that 
section  in  having  the  crowns  of  the  cheek-teeth  extremely  tall,  with 
large  accessory  columns  in  the  upper  true  molars,  and  their  valleys 
filled  up  by  a  large  quantity  of  cement.  The  horn-cores  may  be 
either  rounded,  flattened,  or  angulated,  and  are  frequently  directed 
more  or  less  outwardly,  but  are  never  curved  spirally  inwards,  or  of 
the  "  cork-screw "  shape  characteristic  of  many  Goats ;  while  the 
horns  themselves  are  not  marked  on  their  anterior  surface  by  promi- 
nent transverse  ridges.  The  most  aberrant  genus  is  Leptobos  from 
the  Pliocene  and  Pleistocene  of  India  and  the  Upper  Pliocene  of 
Italy,  in  which  the  frontal  portion  is  broad,  with  widely  separated 
horn-cores  placed  far  below  the  level  of  the  occiput.  The  horn- 
cores  are  sometimes  absent ;  and  this  genus  is  regarded  as  allied  to 
Boseiaphus,  BubaluSy  typically  represented  by  the  Buffaloes  of  India 
and  Africa,  but  which  may  also  be  taken  to  include  the  diminutive 
Anoa  {B,  depressicornis)  of  Celebes,  is  characterised  by  its  angulated 
horn-cores,  which  may  be  directed  either  outwards  or  upwards,  and 
by  the  great  convexity  of  the  forehead  in  the  more  typical  forms. 
Among  the  more  aberrant  species  may  be  reckoned  three  from  the 
Siwalik  Hills  of  India  {e.g,^  B,  occipitalis)^  which  are  closely  allied 
to  the  Anoa,  and  (together  with  that  species)  by  some  writers  are 
termed  Probubalus ;  the  horn-cores  are  frequently  completely  trian- 
gular in  section,  and  the  forehead  is  not  decidedly  convex.  B. 
platyceros  from  the  same  deposits  is  intermediate  between  the  last- 
mentioned  group  and  the  existing  Buffaloes.  B,  antiquus  from  the 
Pleistocene  of  Algeria  is  regarded  by  Professor  Riitimeyer  as  closely 
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allied  to  the  existing  African  Buffaloes,  although  Dr  P.  Thomas 
thinks  it  is  more  nearly  related  to  the  living  Indian  species.  The 
latter  {B,  buffelus)  is  found  in  a  fossil  state  in  the  Pleistocene  of  the 
Narbada  Valley,  India ;  while  an  apparently  closely  allied  form  also 
occurs  in  the  Pliocene  of  the  Siwalik  Hills.  In  Bison^  now  repre- 
sented by  the  Aurochs  of  Lithuania  (B,  bonasus)  and  the  nearly 
exterminated  North  American  Bison  americanus^  the  skull  is  charac- 
terised by  its  great  relative  width  and  shortness,  the  tubular  orbits, 
the  moderately  convex  forehead,  and  the  curved,  round,  horn-cores, 
which  are  placed  considerably  below  the  level  of  the  occiput.  The 
existing  European  species  is  represented  by  a  variety  (priscus)  in 
the  Pleistocene  of  Europe  and  Arctic  America ;  while  the  gigantic 
B,  latifrons  of  the  Pleistocene  of  Texas  may  probably  be  looked 
upon  as  the  progenitor  of  the  recent  species  of  that  country.  A 
cranium  from  the  Pliocene  of  the  Siwalik  Hills  has  been  referred  to 
this  genus  with  the  name  of  B,  sivalenstSy  and  appears  to  be  allied  to 
existing  forms.  The  genus  Bos,  which  is  confined  to  the  Old  World, 
is  the  most  specialised  representative  of  this  section,  and  may  be 
divided  into  the  Bibovine  and  Taurine  groups.  In  the  former  are  in- 
cluded the  wild  Oxen  of  India  and  Burma,  which  are  characterised  by 


Fig.  1333. — Cranium  of  the  Urus,  Bos  tanrus^  var.  primigenius^  Pleistocene. 
Much  reduced. 


the  more  or  less  flattened  horn-cores,  and  by  certain  peculiarities  in 
the  form  of  the  occipital  region.  The  earliest  representative  of  this 
group  is  Bos  etruscus  from  the  Upper  Pliocene  of  the  Continent,  in 
which  the  horn-cores  are  placed  very  low  down  on  the  frontals  ;  this 
species  being  considered  to  be  nearly  related  to  B,  banting  of  Burma. 
A  more  imperfectly  known  member  of  this  group  is  B,  paiaogaurus 
of  the  Pleistocene  of  India,  which  may  turn  out  to  be  identical  with 
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B,  gaurus  now  living  in  the  same  regions.  In  the  Taurine  group 
the  frontals  (fig.  1223)  are  extremely  elongated,  and  the  horn-cores, 
which  in  the  type  species  are  rounded,  are  placed  immediately  over 
the  occiput.  To  this  group  may  be  referried  B,  planifrons  and  B. 
acutifrons  of  the  Pliocene  of  the  Siwalik  Hills ;  the  latter  being  re- 
markable for  its  sharply  angulated  frontals  and  its  enormous  horn- 
cores,  which  have  a  pyriform  section.  Another  member  is  B,  nama- 
dicus  of  the  Pleistocene  Of  Central  India,  which  presents  some  ap- 
proximation to  the  Bibovine  group ;  but  the  best  known  fossil  Ox  is 
the  Urus  of  the  European  Pleistocene  (fig.  1223),  which  appears  to 
be  only  a  larger  form  of  the  existing  Ox  (Bos  iaurus\  and  of  which 
the  descendants  of  wild  races  are  still  preserved  in  Chillingham  and 
some  other  British  parks.  A  still  smaller  race,  whose  remains  have 
been  found  in  the  turbaries  and  fens  of  England,  and  have  been 
described  under  the  names  of  B,  longifrons  and  B.  froniosus^ 
seems  to  be  only  a  stunted  variety  of  the  same  species,  from  which  it 
is  probable  that  the  small  cattle  of  Wales  and  Scotland  have  been 
derived. 

Suborder  2. — Perissodactyla. — The  characters  possessed  by 
this  suborder  in  common  with  the  Artiodactyla  are  noticed  under 
that  head.  The  distinctive  features  of  the  Perissodactyla  are  to  be 
found  in  the  truncated  distal  surface  of  the  astragalus  {hg,  1224); 

the  circumstance  that  the  third  digit 
in  both  the  fore  and  hind  feet  is  sym- 
metrical in  itself,  and  larger  than 
either  of  the  others  (fig.  1225);  the 
presence  (except  in  Chaiicotherium) 
of  a  third  trochanter  to  the  femur 
(fig.  1226);  and  the  non-articulation 
of  the  fibula  with  the  calcaneum. 
Other  characters  very  generally  ob- 
servable in  this  suborder  are,  that  the 
whole  of  the  series  of  cheek-teeth  are 
in  contact  with  one  another ;  that  the 
upper  premolars  are  nearly  or  quite 
as  complex  as  the  true  molars ;  that 
the  last  lower  true  molar  frequently  has  no  third  lobe,  and  that 
when  such  third  lobe  is  present,  it  is  absent  in  the  last  lower  milk- 
molar  ;  while  the  first  tooth  of  the  cheek  series  is  sometimes  pre- 
ceded by  a  milk-tooth.  In  all  existing  forms  the  number  of  the 
dorso-lumbar  vertebrae  is  never  less  than  twenty-two,  and  is  usually 
twenty-three;  while  the  nasals  are  expanded  posteriorly.  The 
stomach  is  simple,  and  the  placenta  diffused.  In  existing  forms 
the  cervical  vertebrae  are  markedly  opisthocoelous.  The  upper  true 
molars  are  constructed  on  some  modification  of  what  is  known  as 


Fig.  1224.— Anterior  view  of  the  left 
astragalus  of  the  Viomt{Equus  cabal- 
ius).    One-half  natiural  size. 
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\he  ZopAodonf  plan  (fig.  1228);  that  is,  there  is  an  outer  longitu- 
dinal wall,  from  which  two  transverse  ridges  proceed  at  right  angles 
tow^ards  the  inner  border  of  the  crown.  In  the  brachydont  forms 
this  structure  is  perfectly  simple,  but  in  those  genera  with  very 
hypsodont  teeth  it  is  so  complicated  by  foldings  and  involutions 
that  it  is  not  always  easy  to  trace  the  original  plan.  The  crowns 
of  the  lower  true  molars  consist  in  their  simplest  structure  of  two 
transverse  ridges  (as  in  the  Tapir),  but  these  ridges  may  be  curved 
into  crescents  (as  in  the  Rhinoceros),  or  complicated  by  foldings 


Fig.   xaac.  —  Right  manus  of  (a)    Ta/frus^  and  (b) 
Rkimocervs.    Reduced.    (After  Flower.) 


Fig.  1326. — Dorsal  or  anterior 
view  of  the  left  femur  of  Rhinc- 
ctros.  The  median  projection  on 
the  right  side  of  the  figure  is  the 
third  trochanter.    Reduced. 


and  convolutions  (as  in  the  Horse).  The  transition  from  the  sim- 
plest brachydont  to  the  most  specialised  hypsodont  dentition  is 
accompanied  by  a  reduction  of  the  number  of  the  digits  from  four 
or  three  to  one ;  that  one  being  the  third,  or  middle,  of  the  typical 
series  of  five. 

The  Perissodactyla  have  suffered  considerably  more  in  proportion 
10  their  numbers  than  the  Artiodactyla  by  the  extinction  of  generic 
and  family  types;  the  existing  genera  being  at  the  present  day 
reduced  to  three,  which  are  the  types  of  as  many  different  families. 
Some  writers  have  suggested  that  this  extinction  of  types  is  owing 
to  the  Lophodont  plan  of  molar  structure  being  less  readily  suscep- 
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tible  of  modification  than  the  Bunodont  type  upon  which  the  Artio- 
dactylate  molar  is  constructed,  but  this  is  really  a  pure  assumption. 
Family  TAPiRiDiE, — This  family  is  represented  by  the  single 
existing  genus  Tapirus^  now  found  in  the  widely  separated  areas  of 
the  Malay  Peninsula  and  South  America,  and  thus  affording  an 
excellent  example  of  what  is  termed  discontinuous  distribution.    The 

dental  formula  is  /.  -,  C.  -,  Pm,   -,  M.  ^ ;  the  cheek-teeth  are 

31  3  3 

brachydont,  and  of  the  simple  Lophodont  type;  the  hinder  pre- 
molars being  as  complex  as  the  true  molars,  and  the  last  lower 
molar  having  no  third  lobe.  The  first  upper  premolar  has  a  decid- 
uous predecessor ;  and  in  the  existing  forms  there  are  four  digits 
in  the  anterior  (fig.  1225,  a),  and  three  in  the  hind  foot  The 
cranium  (fig.  1227)  has  its  cerebral  portion  much  vaulted,  and  the 


Fig.  1297.— Side  view  of  the  skull  of  Tapirus  americanus.    Reduced.    (After  GiebcL) 

nasals  short  and  arched ;  in  one  American  species  (which  on  this 
account  is  regarded  by  some  authors  as  generically  distinct  under 
the  name  of  Elasmognathus)  the  narial  septum  is  largely  ossified ; 
and  there  is  a  short  proboscis.  In  Europe  this  genus  is  found  in 
the  Middle  Miocene  of  France  (7!  Poirrieri\  and  continues  to  the 
Upper  Pliocene  (7!  arvtrnensis)  \  it  also  occurs  in  the  Pliocene  of 
China  (7*.  sinensis)^  and  in  the  Pleistocene  cave-deposits  of  Brazil, 
one  of  the  forms  from  the  latter  being  indistinguishable  from  the 
living  T,  americanus.  The  North  American  Miocene  forms  named 
Tapiravus  are  probably  not  generically  distinct.  An  imperfectly 
known  form  from  the  Middle  Eocene  of  France,  described  as 
Palaotapirus^  is  referred  by  Dr  Filhol  to  this  family. 

Family  LoPHiODONTiDiE. — This  Eocene  family  presents  char- 
acters allying  it  very  closely  with  the  Tapirida,  Palaotheriidcty  and 
Rhinocerotida,  and  probably  contains  ancestral  forms  of  all  those 
families.  The  upper  true  molars  (fig.  1228)  are  brachydont,  and 
always  more  complex  than  the  premolars ;  the  last  lower  true  molar 
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generally  has  a  third  lobe ;  and  there  are  usually  four  digits  in  the 
manus  and  three  in  the  pes.  The  type  genus  Lophiodon  (fig. 
1228,  a)  comprises  some  species  which  attain  a  bulk  rivalling  that  of 

the  Rhinoceroses,  and  has  the  dental  formula  /.  -,  C.  -,  Pm,  ^,  M,  -. 

31  3         3 

It  is  found  in  the  Middle  and  Upper  Eocene  of  Europe,  and  is 
generally  regarded  as  having  died  out  without  descendants.  In 
the  dentition  here  figured  the  inner  crescent  of  the  fourth  upper 
premolar  is  incomplete,  and  the  ridges  of  the  lower  molars  are 
simple ;  the  last  lower  true  molar  always  has  a  third  lobe.  Allied 
to  Lophwdon  is  HelaUtes  {Desmatotherium\  of  the  Upper  Eocene 
of  North  America,  characterised  by  the  more  rounded  upper  true 
molars  and  the  absence  of  a  diastema  in  the  lower  jaw ;  it  is  re- 


Fig.  xaaS. — A,  The  last  five  right  upper  cheek-teeth  of  Lophiodon  ixseUnsis^  from  the  Middle 
Eocene  of  France ;  b,  The  right  upper  cheek-teeth  of  Hyrachyus  agrarius^  from  the  Eocene  of 
North  America.     Reduced. 

garded  by  Professor  Cope  as  an  ancestral  stock  of  the  RhinocerotidcE, 
With  forms  from  the  North  American  Eocene  described  as  Isectolo- 
phus  and  Prothyracodotiy  in  the  first  of  which  the  last  lower  true 
molar  has  a  third  lobe,  we  come  to  the  consideration  of  Lophio- 
donts  showing  more  affinity  with  the  Tapirs,  but  it  does  not  appear 
quite  certain  that  both  these  forms  are  really  entitled  to  generic  dis- 
tinction from  the  next.  The  genus  Hyrachyus  (fig.  1228,  b),  which 
occurs  typically  in  the  Uinta  and  Bridger  Eocene  of  the  United 
States,  is  taken  by  Dr  Filhol  to  include  European  Lophiodonts 
ranging  from  the  Middle  Eocene  of  France  to  the  Lower  Miocene 
of  St  G^rand-le-Puy.  This  genus  has  four  premolars,  of  which  the 
last  is  somewhat  simpler  than  the  first  true  molar ;  while  there  is 
no  third  lobe  to  the  last  lower  true  molar.     In  the  type  species  the 
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upper  true  molars  (fig.  1228,  b)  resemble  those  of  the  Rkinocerot- 
ida ;  but  there  appears  to  be  a  gradual  transition  in  this  respect 
towards  If.  priscus^  of  the  Quercy  Phosphorites,  in  which  these 
teeth  have  rounded  angles,  and  approximate  to  those  of  the  Tapirs ; 
from  which,  however,  these  forms  are  distinguished  by  the  simpler 
fourth  premolar.  This  transition  has  induced  Dr  Filhol  to  abolish 
the  genus  Protapirus^  which  was  proposed  for  H.  prtscus.  The 
latter  species  is  evidently  allied  to  the  American  Isectolophus ;  and 
Dr  Filhol  suggests  a  transition  from  this  type  towards  the  Tapirs. 
The  typical  American  species  of  Hyrachyus  is  regarded  as  the 
ancestor  of  the  genus  Hyracodon^  which  is  classed  in  the  Rhinocero- 
ttdce.  An  American  species  which  may  be  provisionally  included 
in  Hyrachyus  is  said  to  have  an  attachment  for  a  dermal  hom  on 
each  nasal,  on  which  account  it  is  separated  by  Professor  Marsh  as 
Colonoceros.  The  American  Eocene  genus  Dilophodon  appears  to 
be  allied  to  this  group. 

The  imperfectly  known  genus  Ribodorty  from  the  infra-Pampean 
beds  of  Patagonia,  is  apparently  nearly  allied  to  Jfyrachyus,  The 
genus  Triplopus,  of  the  Upper  Eocene  of  the  United  States,  is  dis- 
tinguished by  having  only  three  digits  in  the  manus,  on  which 
account  Professor  Cope  makes  it  the  type  of  the  family  Triplopod- 
idcB,  In  Hyracotherium^  with  which  the  forms  described  under 
the  names  of  Pliolophus  and  OrohippuSy  and  not  improbably  Eo- 
hippuSy  are  identical,  the  upper  true  molars  resemble  those  of  Lophi- 
odofiy  but  their  anterior  ridge  is  incomplete,  and  the  transverse  ridges 
of  the  lower  cheek-teeth  have  a  tendency  to  assume  a  crescent-shape. 
In  this  genus  there  is  a  diastema  behind  the  first  premolar,  but  in 
an  allied  form  from  the  Lower  Eocene  of  North  America,  which  has 
been  named  Systemodon^  all  the  teeth  are  in  contact  The  numerous 
species  of  Hyracotherium  indicate  animals  not  larger  than  a  Fox ; 
the  dentition  is  of  the  full  typical  number,  and  the  structure  of  the 
fore-foot  is  shown  in  fig.  1236,  a.  This  genus  occurs  in  the  Lower 
Eocene  ^  both  of  Europe  and  North  America,  and,  as  will  be  more 
fully  noticed  below,  it  is  regarded  as  the  ancestral  stock  of  the 
Equidce.  Heptodon^  from  the  Eocene  of  New  Mexico,  which  was 
originally  identified  with  Pachynolophus^  appears  to  connect  the 
latter  with  Hyracotherium^  although  it  is  placed  by  Professor  Cope 
next  to  Hyrachyus,  In  Pachynolopkus  the  dental  formula  is  of  the 
full  typical  number ;  but  the  upper  true  molars  have  taller  ridges 
than  in  Hyracotherium^  and  are  intermediate  in  structure  between 
those  of  the  latter  and  of  Anchilophus ;  the  lower  molars  being 
subcrescentoid.      The  largest  species  is  P.  isselanus^  but  there  are 

^  It  has  recently  been  recorded  from  the  Middle  Eocene  and  the  Phosphorites 
of  France  ;  but  at  least  one  of  the  species  from  the  latter  deposits  indicates  a 
form  more  nearly  allied  to  Anchilophus, 
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several  other  forms  from  the  Middle  and  Upper  Eocene  of  the 
Continent;  Propalaotherium  (in  which  Lophiotherium  may  be  in- 
cluded) does  not  appear  generically  separable. 

Family  PAL^EOTHERiiDiE. — With  the  Palaotheriida  we  enter 
upon  another  extinct  family  of  this  suborder,  the  type  genus  of  which 
has  long  been  known  from  the  classic  labours  of  Cuvier.  In  this 
family  the  upper  premolars  may  be  either  simpler  or  quite  as  com- 
plex as  the  true  molars ;  the  lower  molars  have  crescentoid  crowns, 
and  in  the  last  tooth  of  this  series  the  third  lobe  may  be  either  well 
developed  or  almost  wanting ;  all  the  cheek-teeth  are  brachydont, 
and  when  cement  is  present  it  does  not  fill  their  valleys.  There 
are  always  three  digits  in  each  foot.  The  type  genus  Paiaotherium, 
in  which  may  be  included  Paloplotherium  (or  Plagiolophus\  ranges 
from  the  Middle  Eocene  of  the  Paris  basin  to  the  Lower  Miocene 
of  Ronzon,  but  is  especially  characteristic  of  the  Parisian  stage. 

The  dental  formula  is  /.  %   C,  -,  Pm.  lizl?,  M,^-\   and  the   last 

3  I  (3-4)  3 

lower  molar  has  a  third  lobe.  In  the  more  typical  species  (fig.  1229) 
the  four  premolars  are  present  in  both  jaws,  the  fourth  upper  pre- 


Fig.  1239. — The  right  upper  cheek-dentition  oi  Palteotherium  crassum;  from  the 
Upper  Eocene  of  Paris.     Reduced. 

molar  is  as  complex  as  the  first  true  molar,  and  the  third  lower  pre- 
molar as  the  fourth  lower  premolar ;  while  the  diastema  is  compara- 
tively short,  and  the  canines  are  not  large.  The  upper  true  molars 
of  all  the  species  exhibit  an  expansion  of  the  inner  extremities  of  the 
transverse  ridges,  foreshadowing  the  structure  of  the  teeth  of  some 
of  the  Equida.  The  cranium  is  Tapiroid  in  character,  especially  in 
the  prominence  of  the  nasal  bones ;  from  which  it  is  deduced  with 
great  probability  that  the  nose  possessed  a  short  movable  proboscis. 
The  general  form  may  also  be  supposed  to  have  been  like  that  of 
the  Tapirs,  and  the  restoration  of  P,  magnum  given  by  Cuvier  (fig. 
1230)  exhibits  to  us  an  animal  closely  similar  to  the  existing  Tapir. 
In  this  particular  instance,  however,  we  know  that  the  restoration  is 
incorrect,  since  the  discovery  of  a  complete  skeleton  of  this  species 
has  shown  that  it  was  a  more  slender  and  longer-necked  animal, 
resembling  in  its  general  figure  a  Llama. 

In  that  group,  which  is  considered  by  some  writers  as  generically  dis- 
tinct under  the  name  of  Paloplotherium^  the  last  upper  premolar  has  its 
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hinder  lobe  more  or  less  completely  aborted,  the  third  lower  premolar  is 
less  complex  than  the  fourth,  the  first  lower  premolar  is  absent,  and  the 
corresponding  upper  tooth  may  also  be  wantmg ;  when  the  latter  tooth 
is  present  it  is  sometimes  preceded  by  a  milk-molar.  In  this  group  P. 
Javali,  from  the  Quercy  Phosphorites,  is  remarkable  for  the  presence  of 
a  considerable  quantity  of  cement  in  the  cheek-teeth,  and  for  the  approxi- 
mation of  the  upper  canine  to  the  premolars  and  its  apparent  separation 
from  the  incisors.     P.  minus  from  the  Paris  basin  is  the  smallest  species 


Fig.  1230. — Reduced  restoration  oi  PaUtotherium  magnum^  after  Cuvier. 
Upper  Eocene,  France. 

of  the  genus  ;  while  P.  codiciense,  from  the  Middle  Eocene  of  France,  has 
its  fourth  upper  premolar  as  simple  as  in  Laphiodon  and  Hyrachyus^  and 
thus  shows  how  extremely  intimate  is  the  relation  between  all  these  early 
forms  of  the  suborder,  and  how  very  difficult  it  is  to  g^ve  any  good  dis- 
tinctive characters  of  the  families  into  which  it  is  convenient  to  divide 
them. 

In  Anchilophus^  of  the  Upper  Eocene  of  the  Continent,  the  dental 

formula  is  L  %   C  i,  Pm,  -^,  M.  ^  ;  and  the  cheek-teeth  are  nearly 
31  3  3 

intermediate  in  structure  between  those  oiPachy- 
nolophus  and  Aruhitherium,  The  last  upper  pre- 
molar is  as  complex  as  the  first  true  molar ;  there 
are  well-marked  ridges  on  the  outer  columns  of 
the  upper  true  molars  ;  the  last  lower  true  molar 
has  a  large  third  lobe ;  and  the  diastema  is  elon- 
gated. The  genus  Epihippus  from  the  Upper 
Eocene  of  North  America,  which  is  reckoned 
by  some  writers  as  being  on  the  direct  ancestry 
of  the  Horse,  has  been  placed  here  by  Dr 
Schlosser.  The  genus  forming  a  step  in  advance 
of  Anchilophus  is  Anchitherium^  typically  from 
the  Middle  Miocene  of  Europe,  but  with  which  the  contemporary 
North  American  forms  described  under  the  names  of  Mtsohippus 


upper  true  molar  of 
Anchitkerium  aureii- 
anense ;  from  the  Mid- 
die  Miocene  of  France. 
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and  Miohippus  may  be  united.  The  dental  formula  is  the  typical 
one ;  the  upper  premolars  are  as  complex  as  the  true  molars  (fig. 
1 231),  the  external  surface  being  without  a  median  vertical  ridge; 
the  first  lower  premolar  is  comparatively  small ;  and  the  third  lobe 
of  the  last  lower  true  molar  is  reduced  to  a  small  talon ;  while  the 
incisors  have  no  infolding  of  the  enamel  at  their  summits.  Some 
species  show  a  "  larmial "  depression  in  the 
lachrymal.  The  typical  A,  aurelianense  (fig. 
1 231),  of  the  Middle  Miocene  of  the  Con- 
tinent, is  the  largest  species,  and  shows  no 
trace  of  the  fifth  metacarpal;  while  the 
meso-  and  entocuneiform  of  the  tarsus  are 
united.  In  the  smaller  A,  Bairdi  of  the 
Miocene  of  North  America  the  lateral  digits 
are  relatively  larger,  the  fifth  metacarpal  is 
represented  by  a  splint,  and  the  meso-  and 
entocuneiform  are  separate.  Allied  to  this 
genus  are  Anchippus^  Parahippus,  and  Hyo- 
hippus  of  the  North  American  Miocene. 

Family  PROXEROXHERiiDiE. — In  this  place 
it  may  be  convenient  to  notice  the  genus  Pro- 
terotheriuM  from  the  Tertiary  of  Patagonia, 
which  was  at  first  regarded  by  Dr  Ameghino 
as  belonging  to  the  Artiodactyla,  but  was 
subsequently  made  the  type  of  a  distinct 
family  of  this  suborder.  One  species  was 
referred  by  Bravard  to  Anoplotherium^  while 
a  second  was  subsequently  described  by  Dr 
Burmeister  first  as  Anchitheriumy  and  then 
as  Anisolophus,  The  upper  premolars  are 
nearly  as  complex  as  the  true  molars.  The 
names  Thoatherium^  Diadophorus^  and  U- 
caphrium  have  been  applied  to  allied  forms 
from  the  same  deposits.  The  lower  molars 
have  four  distinct  roots.  It  may  be  ques- 
tioned whether  these  forms  are  really  en- 
titled to  form  a  distinct  family. 

Family  EguiDiE. — The  division  between 
this  family  and  the  Palaotheriidce  is  a  more 
or  less  arbitrary  one.  In  the  present  one  the 
upper  premolars  are  as  complex  as  the  true  molars,  and  all  the 
cheek-teeth  are  usually  of  an  extremely  hypsodont  t>'pe,  with  their 
valleys  filled  with  cement ;  the  crowns  of  the  lower  molars  are  cres- 
centoid,  with  complex  folds  of  enamel,  and  there  is  scarcely  any 
distinct  third  lobe  to  the  last  lower  molar.     The  digits  may  be 


Fi^.  1232. — Lateral  view  of 
the  right  manus  of  the  Horse 
{Equus  cabaiius).  Reduced. 
cay  Carpus ;  iw,  ^d  Metacar> 
pal  (cannon-bone) ;  x,  Lateral 
do.  ;  I,  2,  3,  Phalangeals  of 
third  digit. 
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either  one  (fig.  1232)  or  three  in  number ;  the  ulna  and  fibula  are 
incomplete;  and  the  meso-  and  entocuneiform  of  the  tarsus  are 
united.  The  plane  of  wear  of  the  cheek-teeth  becomes  nearly 
smooth,  instead  of  being  raised  into  ridges  as  in  the  preceding 
families ;  and  the  summits  of  the  incisors  have  an  infolding  of  the 
enamel  extending  some  distance  into  the  crown.  One  of  the  most 
generalised  forms  is  Protohippus  or  Merychippus  of  the  Lower 
Pliocene  of  North  America,  in  which  the  permanent  molars  re- 
semble those  of  the  generalised  species  of  Equus^  but  have  shorter 
crowns,  while  the  milk-molars  approximate  more  nearly  to  the  true 
molars  of  Anchitherium,      The  next  genus  is  Hipparion  (Hippo- 

therium).     The  dentition  is  /.  ^,    C,  -,  Pm,  ^,  M,^  \  but  the  first 

31  I         Z 

upper  cheek-tooth,  which  has  no  predecessor  and  appears  with 
the  milk  series,  is  shed  before  the  animal  is  adult  The  upper 
cheek-teeth  (fig.   1233)  at  first  sight  seem  to  differ  very  widely 


Fig.  1233.— Three  right  upper  cheek-teeth  of  Hi/paritm;  from  the  Pliocene  of  India.  «. 
Posterior,  and  ^,  Anterior  outer  crescent ;  c,  Anterior,  and  </,  Anterior  inner  crescent ;  r,  Ante- 
rior, and  /f  Posterior  pillar. 

from  those  of  the  Palaotherium  type  (fig.  1229),  but  a  closer 
examination  will  show  that  the  outer  portions  marked  a  and  b  cor- 
respond to  the  outer  wall  of  the  more  generalised  tooth ;  while  the 
portions  c  and  ^,  and  d  and  /  respectively  represent  the  first  and 
second  transverse  ridges  of  the  same.  These  ridges  have,  however, 
united  together  in  a  crescent-like  form,  and  enclose  between  them 
and  the  outer  wall  a  pair  of  islands  surrounded  by  a  plicated  wall  of 
enamel  and  filled  with  cement.  The  terms  which  it  is  convenient 
to  apply  to  the  Equine  molar  are  indicated  in  the  accompanying 
figure ;  and  the  distinctive  feature  of  the  upper  teeth  of  Hipparion 
is  that  the  anterior  pillar  (e)  is  disconnected  from  the  anterior  inner 
crescent  {c)  for  at  least  three-quarters  of  its  height,  so  that  it  nor- 
mally appears  on  the  worn  crown  as  an  isolated  oval  (fig.  1233). 
There  are  normally  three  digits  to  each  foot,  but  in  the  Pliocene 
Indian  H  antilopinum  they  are  apparently  reduced  to  one;  this 
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form  having  been  made  the  type  of  the  genus  Hippodadylus,  The 
best  known  species  is  H,  gracile  of  the  Pliocene  of  Europe,  Samos, 
Persia,  and  Algeria ;  but  the  genus  is  also  well  represented  in  the 
Pliocene  of  India  {H,  antilopinum,  H.  Theobaldi),  China  {H.  Richt- 
hofeni)y  and  North  America.  All  the  species  retain  the  primitive 
feature  of  a  depression  in  the  lachrymal.  With  Equus  (in  which 
may  be  included  the  American  Hippidiutfiy  otherwise  Pliohippus) 
we  come  to  the  most  specialised  of  all  the  Perissodactyla.     The 

dentition  is  /  5,  C.  -,  Pm,  Y\,  M.  5  ;  but  the  first  upper  cheek- 

3  I  (3-4)         3 

tooth  is  usually  absent  in  existing  forms,  and  the  corresponding 
lower  one  is  only  occasionally  developed  in  some  extinct  species. 
The  crowns  of  the  cheek-teeth  are  higher  than  in  Hipparion^  and 
the  anterior  inner  pillar  of  the  upper  ones,  except  in  a  very  early 
stage  of  wear,  is  connected  with  the  adjacent  inner  crescent  (fig. 
1234).    There  is  but  one  functional  digit  to  each  foot,  although  the 


Fig.  1334. — The  last  four  right  upper  cheek-teeth  of  the  Horse  {Eguus  cabalius). 
Reduced. 

proximal  portions  of  the  lateral  metapodials  remain  (figs.  1232, 
1236,  d),  and  in  the  so-called  Hippidium  the  terminal  phalangeals 
were  represented  by  claws.  A  maxillo-lachrymal  fossa  is  present  in 
the  extinct  E,  andium  and  E,  sivalensis,  but  is  wanting  in  all  exist- 
ing species.  At  the  present  day  this  genus  is  confined  to  the  Old 
World,  and  is  especially  characteristic  of  Africa,  but  in  the  Pliocene 
and  Pleistocene  it  was  spread  over  both  North  and  South  America. 

In  those  South  American  Pleistocene  forms  referred  by  some  writers 
to  Hippidium^  the  molars  are  shorter  and  more  curved  than  in  existing 
species,  and  the  grinding  surface  of  the  anterior  pillar  of  the  upper  ones 
is  not  wider  than  in  Hipparion;  E.  principalis  is  a  large  species 
of  this  type.  In  E.  Stenonis  of  the  Upper  Pliocene  of  Italy,  Kos,  and 
Algeria,  and  the  Norfolk  Forest-bed,  the  molars  are  taller,  but  they  still 
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have  a  narrow  anterior  pillar  in  the  upper  jaw,  and  thus  show  their  con- 
nection with  Hipparion,  In  E.  sivalensiSy  of  the  Pliocene  of  India,  and 
E.  quaggoides  of  that  of  Italy,  this  pillar  becomes  rather  more  widened ; 
and  in  the  Pleistocene  E,  namadicus  of  India,  as  well  as  in  E.  curvidem 
of  that  of  Brazil,  and  all  the  existing  members  of  the  genus  (fig.  1234) 
the  grinding  surface  of  this  pillar  becomes  greatly  widened  in  the 
antero-posterior  direction.  It  is  noteworthy  that  E,  sivalensis  is  found 
in  the  same  beds  as  those  containing  Hipparion;  and  that  the  existing 
E,  caballus  is  apparently  the  common  species  of  the  European  Pleisto- 
cene, although  It  is  not  improbable  that  the  Asiatic  E,  onager  may  also 
occur  in  the  same  deposits.  In  Southern  India,  where  no  living  species 
are  found,  the  remains  of  the  existing  African  E.  asinus  and  of  a  larger 


Fig.  1235.— Skull  of  the  Horse  {Equus  cahallus).    Reduced. 


undetermined  form  occur  in  the  Pleistocene  cave-deposits  of  Madras. 
Finally,  it  should  be  mentioned  that  some  of  the  South  American  Tertiary 
forms  have  been  separated  under  the  name  of  Haplohippus, 

Genealogy  of  the  Horse.— Allusion  has  been  mcidentally  made 
in  the  preceding  paragraphs  to  the  genealogy  of  the  genus  Equus^  but 
since  this  is  one  of  the  best  instances  of  evolution  among  the  higher 
Mammals  yet  worked  out  it  is  advisable  that  it  should  be  noticed  rather 
more  fully.  The  top  of  the  series  is  the  Equus  caballus  group,  in  which 
the  dentition  is  of  the  most  specialised  type,  and  which  descends  in  India 
to  the  topmost  Pliocene ;  then  we  have  the  E,  Slenom'ssmd  E^prindpalis 
group,  in  which  the  molars  become  more  like  those  of  Hipparion;  and 
finally  the  so-called  Hippidium.  The  structure  of  the  foot  is  shoi^Ti  in 
fig.  1236,  D  ;  the  great  size  of  the  phalangeals  and  the  metapodial  of  the 
functional  digit  being  very  noticeable.  The  earliest  occurrence  of  the  genus 
is  in  the  Pliocene  of  India.  From  the  E,  Stenonis  group  to  Hipparion 
is  but  a  step,  the  transitional  species  being  H.  aniilopinum  of  the  Pho- 
cene  of  the  Siwalik  Hills  in  which  the  lateral  digits  were  apparently 
wanting ;  in  the  other  species  (fig.  1236,  C)  the  lateral  digits  are  of 
small  size,  and  the  middle  one  is  relatively  more  slender  than  in  Equus. 
Protohippus  connects  Equus  by  the  structure  of  its  milk-molars  with 
the  Miocene  Anchitherium :  and  in  the  latter  the  teeth  have  become 
brachydont,  the  third  lower  molar  has  a  small  third  lobe,  and  the  lateral 
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digits  of  the  foot  (fig.  1236,  b)  have  become  larger  and  the  middle  digit 
smaller ;  traces  of  the  fifth  metacarpal  being  retained  in  the  American 
species.  The  next  step  is  probably  made  by  some  form  allied  to  Anchi- 
hphus  or  Pachynolophus  of  the  Upper  Eocene  ;  and  from  such  a  type 
the  transition  is  easy  to  the  Lower  Eocene  Hyracotherium  and  Systenw- 
doHy  in  which  all  the  species  are  very  small,  the  dentition  is  of  the  simple 
Lophodont  type,  with  a  large  third  lobe  to  the  last  lower  true  molar,  and 
the  fore-foot  (fig.  1236,  a)  has  four  complete  digits,  which  are  of  sub- 
equal  size ;  while  there  may  be  {Eohippus)  a  rudimental  metacarpal  of 
the  iK)llex.  Finally,  the  earliest  stage  of  this  series  is  formed  by  Phenac- 
odus  of  the  Lowest  or  Puerco  Eocene  of  North  America,  in  which  there 
are  fivt.  digits  to  each  foot,  and  of  which  the  structure  will  be  more 
fully  noticed  under  the  head  of  the  suborder  Condylarthra.  It  should 
be  observed,  however,  that  Professor  Cope  would  introduce  an  inter- 


Fig.  1236.— Bones  of  the  left  manus  of  Hyracotturium  (a),  AnckUktrium  (bX 
Hip^arum  (cX  and  Equus  (dX 


mediate  stage  between  Systemodon  and  Phenacodus ;  and  that  the  same 
authority  also  introduces  the  genus  PalcBotherium  between  Hyraco- 
thorium  and  Anchitherium^  although  most  writers  regard  that  genus  as 
quite  off  the  line. 

In  this  connection  may  be  noticed  the  remarkable  circumstance  that 
in  the  line  of  evolution  culminating  in  the  modem  Horse  a  parallel 
series  of  generically  identical  or  closely  allied  forms  occurs  in  the  Ter- 
tiaries  of  botli  Europe  and  North  America,  from  which  it  has  been  sug- 
gested that  in  both  Continents  a  parallel  development  of  the  same  genera 
has  simultaneously  taken  place — />.,  that  in  both  regions  Anchitherium 
has  given  rise  to  Hifparion^  and  Hipparion  or  an  allied  type  to  Equus. 
Now,  seeing  it  is  evident  that  in  the  case  of  species  of  a  single  genus 
the  evolution  has  taken  place  in  separate  lines. — that  is  to  say,  that  the 
existing  Indian  species  of  Cams  are  probably  derived  directly  from  the 
Pliocene  forms  ot  the  same  region,  and  the  Brazilian  species  of  that 
genus  have  their  predecessors  of  the  cave-epoch  of  that  country, — there 
appears  no  logical  reason  for  refusing  to  admit  an  analogous  parallel 
evolution  in  the  case  of  genera,  and  there  is  accordingly  a  considerable 
probability  that  the  hypothesis  in  question  may  be  a  true  one.  Pro- 
fessor Cope  considers  that  in  one  country  Protohippus^  and  in  the  other 
Hipparion^  was  the  immediate  ancestor  of  Equus, 
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Family  RHiNOCEROXiDiE, — With  this  family  we  enter  upon  the 
consideration  of  another  branch  probably  derived  from  the  primi- 
tive Lophiodont  stock,  which  attained  great  development  in  Ter- 
tiary times,  and  is  still  represented  in  Asia  and  Africa  by  at  least 
five  well-defined  species.  It  is  not  easy  to  distinguish  this  family 
from  the  Lophiodontida,  as  represented  by  Hyrachyus  (which  Dr 


Fig.  1237.— Left  half  of  the  palatal  surface  of  the  cranium,  and  left  lateral  aspect  of  the  drall 
of  MetamynodoH  planifronsl  from  the  White  River  Miocene  of  North  America.  One-n^h 
natural  size.    Aa,  Nasal ;  Fr^  Frontal ;  Poy  Parieul ;  So^  Supraoccipital ;  m«.  United  post* 

flenoid  and  posttjnnpanic  processes;  x>  s^  3t  Alveoli  of  incisors;  c,  Alveolus  of  canine;  s.  >  4i 
'remolars ;  x,  a,  3,  True  molars.    (After  Scott  and  Osborn.) 


Schlosser  includes  in  the  RhinoceroHda\  but  the  upper  true  molars 
(fig.  1239)  generally  have  a  very  thick  outer  wall,  which  is  often 
produced  in  advance  of  the  first  ridge ;  their  transverse  ridges  are 
but  slightly  bent,  and  are  intimately  connected  with  the  outer  wall  ; 
the  upper  premolars  are  usually  nearly  or  quite  as  complex  as  the 
true  molars;  the  lower  cheek-teeth  are  more  or  less  completely 
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crescentoid;  and  in  all  the  forms  in  which  that  tooth  is  known 
there  is  no  third  lobe  to  the  last  lower  true  molar.  The  height  of 
the  cheek-teeth  varies  considerably,  their  crowns  being  tallest  in 
Elasmotherium,  One  or  more  dermal  horns  may  be  attached  to 
the  fronto-nasal  region;  and  when  two  of  these  appendages  are 
present  they  may  be  either  placed  one  behind  another  in  the  middle 
line,  or  in  a  pair  on  either  side  of  this  line.  The  digits  of  the  pes 
are  apparently  always  three,  but  there  may  be  either  three  or  four 
in  the  manus.  One  of  the  most  generalised  forms  is  Hyracodon^ 
from  the  Lower  Miocene  of  Nebraska,  in  which  the  dental  formula 


is  /.  \,  a  i,  Fm, 


M.  -.    There  were  apparently  only  three  digits ; 


4  ^^^ 

3  I  V  ^'^'  3 

the  neck  and  limbs  were  slender  and  Horse-Hke ;  and  there  was  no 
trace  of  a  nasal  horn.  This  genus  was  in  all  probability  a  de- 
scendant of  the  Lophiodont  Hyrachyus^  but  does  not  appear  to 
have  been  the  progenitor  of  the  true  Rhinoceroses.  In  some  re- 
spects still  more  generalised  is  the  genus  Amynodon  {Orthocytwdon\ 
from  the  Middle  and  Upper  Eocene  of  North  America,  in  which 
the  dental  formula  was  the  same  as  in  Hyracodon,  The  lower 
canines  were  nearly  upright ;  there  was  a  short  diastema ;  the  pre- 
molars were  unlike  the  true  molars;  and  it  is  believed  that  the 
manus  had  four  digits.  Allied  to  this  genus  is  Metamynodon^  from 
the  Miocene  of  the  United  States,  in  which  the  skull  (fig.   1237) 

has  a  strong  sagittal  crest,  the  premolars  are  reduced  to  -,  the  lower 

canines  have  become  somewhat  proclivous,  and  the  upper  premolars 
are  much  more  like  the  true  molars.  These  two  genera  are  regarded 
by  some  of  the  American 
palaeontologists  as  indicat- 
ing a  distinct  family — the 
Amynodontida  —  and  are 
also  looked  upon  as  the 
ancestors  of  the  true  Rhi- 
noceroses. In  the  Old 
World  there  is,  however, 
the  genus  Cadurcotherium 
of  the  Quercy  Phosphorites, 
which  may  possibly  lay 
claim  to  this  position,  al- 
though it  may  indicate  a 
lateral  branch  allied  to  the 
Toxodontia.  Unfortunate- 
ly, only  detached  teeth  are  at  present  known,  so  that  the  dental 
formula  cannot  be  determined.     The  upper  true  molars  (fig.  1238) 


Fiff.  1338.  —  A  left  upper  true  molar  of  Ctuiur- 
cothtrium  cayluxtnst :  from  the  Upper  Eocene 
of  France. 
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are  Rhinocerotic  in  structure,  but  are  extremely  narrow  in  a  trans- 
verse direction,  and  the  ridges  of  the  lower  cheek-teeth  are  imper- 
fectly crescentoid.  Apparently  nearly  related  to  the  preceding  is 
Homalodontotherium^  from  Tertiary  strata  of  unknown  age  in  Pata- 
gonia ;  the  dental  formula  is  the  typical  one,  and  there  is  no  diastema, 
but  the  skeleton  is  unknown.  We  now  come  to  the  consideration 
of  those  animals  which  we  may  term  true  Rhinoceroses — a  group  in 
which  very  diverse  views  as  to  the  limits  of  generic  terms  are  pre- 
valent among  zoologists  and  palaeontologists.  By  some  writers  the 
five  existing  species  are  referred  to  at  least  three  distinct  genera, 
and  if  this  view  be  adopted,  it  will  be  necessary  to  make  a  large 
number  of  genera  for  the  extinct  forms ;  the  English  school,  how- 
ever, now  generally  include  all  the  living  species  in  one  genus,  and 
from  this  point  of  view  there  seems  no  good  reasons  for  generically 
separating  any  of  the  extinct  species,  which  form  a  series  so  inti- 
mately connected  that  it  would  be  very  difficult  to  define  all  the 
genera  into  which  they  are  di\-ided  by  the  American  school.^  Using, 
then,  the  term  Rhinoceros  in  its  widest  sense,  the  variations  in  the 

number  of  teeth  may  be  expressed  by  the  formula  /.  S — ^,,  C  , r 

(o-i)'      (o-i), 

Fm,  -J  M.  -  ;  the  absence  of  upper  canines  is  a  distinctive  feature ; 

4         3 
the  upper  true  molars  (fig.  1239)  have  their  crowns  relatively  wide, 
their  transverse  ridges  well  developed,  the  hinder  lobe  of  the  last 


Fig.  1239. — The  left  upper  true  molars  of  RhiMoceros  megarhinus  :  from  the  Pleistoceoe 
of  England.    One-half  natural  size. 

tooth  partially  aborted,  and  frequently  a  more  or  less  distinct  but- 
tress at  their  antero-extemal  angle.  The  teeth  represented  in  fig. 
1239  are  the  most  generalised  type;  and  it  is  evident  that,  when  more 

^  In  this  and  other  instances  the  number  of  generic  divisions  which  we  may  be 
disposed  to  adopt  is  solely  a  matter  of  convenience.  From  the  writer's  point  of 
view  the  multiplication  of  generic  terms,  which  as  our  knowledge  advances  must 
become  less  and  less  susceptible  of  exact  definition,  tends  to  drown  the  science  in 
a  sea  of  names,  which  form  a  great  burden  to  the  memory,  and  thus  tend  to  de- 
stroy the  very  object  of  classification. 
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worn,  the  crown  of  each  molar  would  carry  two  isolated  fossettes 
surrounded  by  enamel  (fig.  1244).  The  worn  crown-surface  is  trans- 
versely ridged ;  and  there  is  a  process  projecting  from  the  hinder 
ridge  into  the  middle  valley  termed  the  crochet,  which  is  absent  in 
some  species.  The  hinder  premolars  are  as  complex  as  the  true 
molars  ;  and  the  crowns  of  the  cheek-teeth,  though  varying  in 
height,  are  never  very  tall,  and  their  valleys  are  always  open.  In 
the  lower  cheek-teeth  the  ridges  form  complete  crescents,  with  their 
concavity  directed  inwardly  (fig.  1240). 
The  lower  canines  are  always  proclivous. 
The  skeleton  and  skull  are  very  massive, 
this  feature  being  most  marked  in  the  more 
specialised  species.  This  genus  may  be 
divided  into  several  groups,  of  which  the 
Accratheriru  is  the  most  generalised.  In 
this  group  there  is  usually  no  horn,  and 
the  nasal  bones  (fig.  1241)  are  conse- 
quently small ;  cutting-teeth  are  always  nSwi 
present,  although  there  is  some  variation 


Fig.  1240.— The  third  left  lower 
true  molar  of  Rhinoceros  megar- 
kinusi  Pleistocene.  Two-thirds 
'  size. 


in  their  number,  which  may  be  expressed  by  the  formula  /. 


(0-2) 


C  -.     In  R,  incisivus  (which  is  the  type  of  the  so-called  Accra- 

therium)  there  are  four  digits  in  the  manus ;  but  in  many  of  the 
North  American  forms  (which  on  this  account  are  separated  by 


Fig.  1341. — Cranium  of  Rhinoceros  incisivus  :  from  the  Lower  Pliocene  of  Germany. 
One-seventh  natural  size.    (After  Kaup.) 


Professor  Cope  under  the  name  Aphelops^  fig.  1242)  the  number 
of  digits  was  reduced  to  three ;  and  these  forms  were  thus  similar 
to  some  female  examples  of  the  existing  R,  sondaicus^  in  which  the 
horn  is  absent.     In  Europe  this  group  ranges  from  the  Lower  Mio- 
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cene  to  the  Lower  Pliocene ;  it  also  occurs  in  the  Upper  Miocene 
and  Pliocene  of  India,  and  in  the  Upper  Miocene  (or  ?  Pliocene) 
of  North  America.      In  the  Diceratherine  group  (Diceratherium  of 


Fig.  1243.— Skull  oi  Rhinoctros  megalodus;  from  the  Upper  Miocene  of  Colorado. 
One-sixth  natural  size.    (After  Cope.) 

Marsh)  there  was  a  transversely-placed  pair  of  small  nasal  horns ; 

the  formula  of  the  cheek-teeth  being  /.  -,  C  -  :   it  is  represented 

in  the  Lower  Miocene  of  Europe  by  R,  minutus^  and  by  another 
species  in  North  America.  At  this  stage  of  evolution  the  genus 
disappeared  from  the  latter  country. 

The  Rhinocerotine  group  is  characterised  by  the  presence  of  a 
single  well-developed  nasal  horn,^  and  of  cutting-teeth  in  both  jaws. 
It  is  represented  at  the  present  day  by  the  Asiatic  R,  sondaicus  and 
R,  unicornis  (fig.  1243),  the  upper  true  molars  of  the  former  being 
of  the  type  of  those  of  R,  megarhinus  (hg,  1239),  while  those  of  the 
latter  are  of  the  more  .specialised  type  of  R.  antiquitatis  (fig.  1245). 
The  ancestor  of  R.  sondaicus  is  probably  to  be  found  in  R,  sivaknsis^ 
of  the  Pliocene  of  India ;  while  R,  paiaindicus  appears  to  be  the 
species  from  which  R,  unicornis  has  sprung.  The  Ceratorhine 
group,  represented  by  the  existing  Asiatic  R,  sumatrensis^  and  the 
European  Lower  Pliocene  R,  Schleiermacheri^  differs  from  the  pre- 
ceding by  having  two  horns,  placed  one  behind  the  other  in  the 
median  line,  but  still  retains  cutting-teeth  in  both  jaws ;  the  upper 

*  The  horn  of  the  Rhinoceroses,  it  should  be  observed,  consists  merely  o(  a 
bundle  of  closely  agglomerated  bristles,  and  has  no  bony  attachment  to  the 
skull. 
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molars  in  both  species  being  of  the  type  of  fig.  1239.  This  group 
cannot  probably  be  separated  from  the  next,  with  which  it  is  con- 
nected by  R.  Persia^  of  the  Pliocene  of  Maragha  in  Persia,  which 
had  lower  canines,  although  apparently  allied  to  R,  platyrhinus. 
The  most  specialised,  or  Atelodine^  group  is  represented  at  the 


Fig.  1x43.— Worn  Ic^^  upper  dentition  q{  Rhinoceros  unicornis :  India.     Much  reduced. 
(After  Cuvier.) 

present  day  by  the  African  R,  simus  and  R,  bicornis^  in  which  there 
are  two  large  horns,  but  no  cutting-teeth  in  either  jaw.  Of  species 
with  upper  molars  of  the  simpler  type  of  fig.  1239,  we  may  mention 
R.  pachygnathuSy  of  the  Lower  Pliocene  of  Greece  and  the  isle  of 
Samos,  which  is  closely  allied  to  the  African  R.  bicornis ;  R, 
eiruscus  {^g,  1244),  of  the  Upper  Pliocene  of  Europe  (in  which 


Fig.  X244 — Palatal  view  of  the  cranium  of  Rhinoceros  etrusctts,  with  the  teeth  much  worn  ; 
Upper  Pliocene,  Italy.    One«seventh  natural  size. 

the  molars  are  of  a  brachydont  structure) ;  R,  deccanensis  and  R, 
kamuliensis^  of  the  Pleistocene  of  Southern  India;  and  R,  mega- 
rhinus  (fig.  1239)  and  R,  leptorhinus^  of  the  European  Pleistocene. 
In  the  latter  there  is  an  ossification  of  the  nasal  septum.  The 
other  members  of  this  group  have  their  iipper  molars  (fig.  1245)  of 
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a  more  complex  type ;  there  being  an  absence  of  a  buttress  at  the 
antero-external  angle,  and  the  folds  of  the  crown  so  arranged  that 
when  more  worn  than  in  the  figured  specimen  three  islands  of 
enamel  would  be  formed  on  their  crowns.  These  teeth  are  also 
characterised  by  their  plane  of  wear  being  perfectly  horizontal,  and 
by  their  relatively  tall  crowns.  An  early  member  of  this  type  is  R. 
platyrhinus^  of  the  Pliocene  of  Northern  India ;  from  which  species 


Fig.  XS45.— The  second  right  upper  true  molar  cX  Rhinoceros  antiqHitatis  ;  from  the 
Pleistocene  of  Kent. 

it  is  highly  probable  that  both  the  existing  African  R,  simuSy  and 
the  Pleistocene  -/?.  antiquitatiSy  of  Northern  Asia  and  Europe,  have 
been  derived. 

The  latter  species,  of  which  the  skull  is  represented  in  fig.  1246  and  an 
upper  molar  in  fig.  1245,  is  sometimes  known  as  the  Woolly  Rhinoceros, 
since  it  was  covered  with  a  thick  coat  of  woolly  hair.  The  skin  was 
devoid  of  the  folds  which  characterise  the  large  Indian  species  ;  and  the 
front  horn  was  of  very  large  size.  As  in  some  of  the  Pleistocene  species 
the  septum  of  the  nares  was  completely  ossified  (fig.  1246).  This  species 
is  essentially  a  northern  form,  and  has  nearly  the  same  distribution 
as  the  Mammoth,  although  it  does  not  appear  to  have  crossed  Behring 
Strait  into  America.  In  time  this  Rhinoceros  makes  its  first  appearance 
in  the  Pleistocene  Brick-earths  of  the  Thames  valley,  and  is  very  common 
in  European  cave-deposits,  and  in  the  tundras  of  Siberia.  Complete 
carcasses,  still  covered  with  the  dried  flesh,  skin,  and  hair,  have  not  unfre- 
quently  been  found  washed  out  from  the  frozen  alluvial  deposits  of  these 
tundras  on  the  banks  of  the  Yenesi  and  Lena ;  from  which  wc  learn  that 
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the  food  of  this  animal  mainly  consisted  of  the  leaves  and  twigs  of  juniper 
and  other  coniferous  plants. 

The  last  representative  of  this  family  is  the  gigantic  Elasmo- 
therium  (Stereoceros)  of  the   Pleistocene  of  Siberia,  in  which   the 

dental  ibrmula  of  the  adult  is  /.  ?,  C.   -,  Pm,  -,  M,  ?.    The  struc- 

0023 

ture  of  the  skull  and  limbs  is  essentially  Rhinocerotic ;  and  in  the 

former  the  narial  septum  was  completely  ossified,  and  the  frontals 

have  a  huge  bony  protuberance  for  the  support  of  a  large  horn 

corresponding  to  the  second  one  of  Rhinoceros  antiquitatis.     The 

teeth  differ  considerably  from  those  of  any  species  of  Rhinoceros^ 


Fig.  1246.— Right  lateral  aspect  of  the  skull  of  a  youn^  Individtial  of  Rhinoceros  antiquitatis  l 
from  the  Pleistocene  of  Siberia.     Reduced. 

and  are  characterised  by  their  very  tall  crowns,  plicated  enamel, 
and  smooth  plane  of  wear.  Their  structure  is,  however,  merely  an 
extreme  modification  of  the  Rhinocerotic  type,  to  which  the  nearest 
approach  among  later  forms  is  made  by  R,  antiquitatis.  There  is, 
however,  in  these  teeth  a  marked  resemblance  to  those  of  Cadurco- 
therium  and  Homalodontotherium^  and  it  is  not  improbable  that 
Elasmotherium  presents  the  last  representative  of  a  stock  descended 
from  the  former  genus  which  has  remained  altogether  apart  from 
the  true  Rhinoceroses. 

Family  LAMBDOTHERiiDiE. — With  the  Lambdotheriidce  we  enter 
upon  the  consideration  of  the  first  of  three  extinct  families  in  which 
the  cheek-teeth  have  remarkably  short  (brachydont)  crowns,  and 
diverge  to  a  certain  extent  from  the  more  typical  Lophodont  form. 
The  upper  true  molars  (fig.  1247)  may  be  described  as  consisting 
of  four  columns,  of  which  the  two  hindmost  are  frequently  con- 
nected by  an  oblique  transvers  e  ridge  ;  while  there  may  also  be  a 
more  incomplete  anterior  ridge.      When  these  teeth  are  worn  two 
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Kig.  1247.— The  third  right  upper  true 
molar  of  Chalicotherium  sinense ;  from 
the  Pliocene  of  China. 


V-shaped  surfaces  of  dentine  appear  on  the  crown.  This  type  of 
tooth  may  be  derived  from  the  Lophodont  by  the  more  or  less 
complete  abortion  of  the  middle  portions  of  the  transverse  ridges. 
The  upper  premolars  are  simpler  than  the  true  molars,  and  have 
but  a  single  inner  column  ;  while  the  lower  cheek-teeth  are  crescen- 
toid,  the  last  true  molar  usually  not  having  a  complete  third  lobe. 

There  was  always  a  diastema  in  the 
dental  series,  and  the  skull  was  de- 
void of  bony  protuberances.  In 
the  present  North  American  family 
the  femur  has  a  third  trochanter,  and 
the  feet  are  of  the  normal  Perisso- 
dactylate  type,  the  manus  being  pro- 
vided with  four,  and  the  pes  with 
three  digits.  This  family  is  repre- 
sented by  PalcBosyops  and  Umno- 
therium^  from  the  Upper  Eocene,  in 
which  there  are  four  premolars,  and 
the  last  lower  true  molar  has  a  third 
lobe;  the  canines  being  large  and 
resembling  those  of  the  Camivora. 
Lambdothtrium  is  another  form  of 
later  age;  while  in  the  White-river  Miocene  of  Canada  we  have 
Haplcuodon^  with  only  two  pairs  of  lower  incisors. 

Family  CHALicoTHERiiDiE.  —  The  second  family,  or  Chalico- 
theriida^  is  found  in  both  the  Old  and  the  New  Worlds,  and  pre- 
sents such  a  remarkable  abnormality  in  the  structure  of  the  feet, 
as  to  render  it  for  the  future  quite  unsafe  to  predict  the  character 
of  an  animal  from  a  single  bone,  and  to  make  invalid  the  old 

maxim  ex  ungiu  leonem.  In 
the  femur  the  third  tro- 
chanter has  been  lost;  and 
in  the  feet,  while  the  proxi- 
mal bones  retain  their  normal 
Perissodactylate  character, 
the  phalangeals  have  been 
modified  to  resemble  those 
of    Edentates,    the    second 

Fig.  i248.-AnterioranddUtalaspectsof  a  second  phalangeal  (fig.  I  248)  haV- 
phalangeal  of  ChalicotkeHum  tivaiense;  from  the  ing  a  StrOngly  dcVClopcd  dis- 
tal trochlea  for  the  articula- 
tion of  the  huge  claw  forming  the  terminal  joint.  These  phalan- 
geals have  been  described  under  the  names  of  Macrotherium 
and  Ancylothtrium^  and  were  until  quite  recently,  when  they  were 
found  by  Dr   Filhol  in  association  with  the  skull  and  the  rest 
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of  the  skeleton  of  Chalicotherium^  thought  to  belong  to  huge 
Edentates.  The  latter  writer  has  indeed  proposed  to  regard  this 
genus  as  a  veritable  Edentate,  but  the  resemblance  of  its  denti- 
tion to  that  of  PalaosyopSy  coupled  with  the  essentially  Perisso- 
dactylate  characters  of  the  rest  of  the  skeleton  —  notably  the 
opisthocoelous  cervical  vertebrae  —  prevents  the  acceptation  of 
this  view,  and  compels  us  to  regard  this  strange  animal  as  a 
highly  modified  and  aberrant  Ungulate.^  In  the  type  genus 
Chalicotherium^  with  which  Macrotherium  is  identical,  there  were 
variations  in  the  number  of  the  cutting-teeth  analogous  to  those 
obtaining  in  Rhinoceros^  which  may  be  expressed  by  the  formula 

/  ^?Z3)^  Q  (52i\  Pm,  ?,  M,  h     The  type  species,  which  should 

(p-i)  I  3         3 

be  known  as  C  giganteum^  occurs  typically  in  the  Lower  Pliocene 
of  Eppelsheim  in  Hessen-Darmstadt,  and  also  in  the  Middle  Mio- 
cene of  Sansan  in  Gers ;  the  claws  were  first  described  by  Cuvier 
under  the  name  of  Pangolin  gigantesque^  and  were  subsequently 
made  the  type  of  the  genus  Macrotherium,  Another  species,  C 
modicum^  occurs  in  the  Upper  Eocene  Phosphorites  of  France,  to 
which  probably  belong  some  large  claws  described  as  those  of  an 
Edentate.  The  genus  also  occurs  in  the  Pliocene  of  China  and 
India ;  the  species  from  the  latter  area  having  been  referred  by 
Kaup  to  a  distinct  genus  Nestoritherium^  on  account  of  the  absence 
of  the  anterior  teeth.  The  phalangeal  from  the  Pliocene  of  Sind 
represented  in  fig.  1248  doubtless  belongs  to  a  small  individual 
of  this  species,  although  first  described  as  Manis^  and  subsequently 
as  Macrotherium,  It  has  likewise  been  lately  recorded  from  the 
White -river  Miocene  of  Canada  and  the  Loup -Fork  beds  of 
Kansas.  The  last  lower  molar  of  Chalicotherium  has  no  third 
lobe.  From  the  Lower  Pliocene  of  Attica  the  genus  Leptodon^ 
described  on  the  evidence  of  a  lower  jaw  with  a  Chalicotheroid 
dentition,  but  with  a  third  lobe  to  the  last  molar,  is  probably  iden- 
tical with  Ancylotherium^  founded  upon  the  evidence  of  claws  from 
the  same  beds,  which  are  of  the  same  general  type  as  those  of  the 
so-called  Macrotherium,  Ancylotherium  also  occurs  in  the  Lower 
Pliocene  of  the  isle  of  Samos.  Leptodon  has  been  provisionally 
referred  by  Dr  Schlosser  to  the  next  family.  Moropus,  from  the 
Loup-Fork  of  Kansas,  and  Morotherium^  from  the  Miocene  of  the 
United  States,  which  were  described  by  Professor  Marsh  as  Eden- 
tates, are  probably  closely  allied  to,  if  not  identical  with,  either 
Chalicotherium  or  Ancylotherium,  Finally,  the  imperfectly  known 
Brachydiastematot?ierium^  from  the  Eocene  of  Hungary,  is  probably 

1  Professor  Cope  has  recently  proposed  to  make  Chalicotherium  the  type  of  a 
distinct  order  under  the  name  of  Ancylopoda. 
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referable  to  the  present  family,  which  is  evidently  a  very  ancient 
branch  of  the  suborder,  and  may,  it  is  suggested,  have  been 
directly  derived  from  the  Condylarthra. 

Family  Titanotheriid:«. — This  extinct  family,  equivalent  to  the 
Brontotheriidce  of  Professor  Marsh  and  the  Menodontida  ^  of  several 
other  writers,  is  so  closely  connected  by  Diplacodon  with  the  Lambdo- 
theriida^  that  Dr  Schlosser  has  proposed  to  unite  the  two.  In  the 
present  family  at  least  the  fourth  upper  premolar  has  two  inner 
columns,  and  is  thus  as  complex  as  the  true  molars  ;  while  in  those 
forms  of  which  the  limbs  are  known  there  are  four  anterior  and  three 
posterior  digits.  The  third  trochanter  of  the  femur  is  rudimentary. 
Paired  bony  protuberances  may  be  present  in  the  fronto-nasal  r^on 
of  the  skull.  In  Diplacodon^  of  the  Eocene  of  North  America,  only 
the  fourth  upper  premolar  is  as  complex  as  the  true  molar;  the 

/^\ 
canines  are  as  large  as  in  Palctosyops ;  the  incisors  ;-(  are  small ; 

(3) 
and  the  skull  has  no  bony  protuberances. 

The  type  genus  Titanotherium,  which  Messrs  Scott  and  Osborn 
consider  should  include  Menodus  (preoccupied),  Megcuerops,  Bron- 
totherium^  Diconodon^  and  probably  Symborodon^  is  confined  to  the 


Fig.  1249. — Left  lateral  aspect  of  the  cranium  of  Titatu>therittm  cohradenu  :  from  the 
Miocene  of  North  America.     Greatly  reduoed.    (After  Manh.) 

Miocene  of  North  America,  and  comprises  animals  of  huge  bulk ; 
and  it  is  probable  that  the  forms  recently  described  by  Professor 
Marsh  under  the  names  of  Allops^  Brontops  (^g.  1250),  and  Menops 
are  not  really  separable.  An  entire  skeleton  is  shown  in  fig.  1250, 
and  a  cranium  in  fig.  1249.  The  number  of  teeth  is  subject  tea 
variation  analogous  to  that  obtaining  in  Rhinoceros^  this  variation 

being  expressed  by  the   formula  /.  ~^^,   C,  -,  Pm.  ^  ^  ,,  M.  -. 

(0-3)         I  (3-4)        3 

"  The  name  Menodus  is  the  earliest  of  those  applied  to  these  animals,  but  is  in- 
admissible on  account  of  the  earlier  application  of  Menodon  to  a  fossil  reptile. 
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The  molars  and  premolars  are  alike,  the  incisors  are  small,  and  in 
those  species  with  a  full  dentition  there  is  no  diastema  ;  while  in  the 
typical  forms  the  canines  are  small.     The  cranium  (fig.  1249)  is 
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elongated,  with  a  small  brain-cavity,  projecting  nasals,  and  a  pair  of 
stout  transversely  placed  prominences  on  the  fronto-nasal  region. 
A  form  to  which  the  name  Daodon  has  been  applied  is  distinguished 
by  the  larger  canines.  It  has  been  suggested  that  the  American 
Meniscotherium  and  the  European  Hyracodontotherium  should  be 
placed  in  this  family. 

Family  MACRAUCHENiiDiE. — Here  may  be  placed  this  renaark- 
able  family,  which  presents  extremely  generalised  characters  in  the 
vertebrae  and  limb-bones,  such  as  are  unknown  in  any  other  mem- 
bers of  the  suborder,  on  which  account  some  writers  think  it  ought 
not  to  be  included  in  the  Perissodactyla,  In  the  typical  Macrau- 
chenia   from   the  Pleistocene  of  South  America  the  dentition  is 

/.  -,   C.  -,  Pm,  -,  J/]  ?  ;    the   cheek-teeth   are    Rhinocerotine  in 

3143 
structure,  the  upper  molars  showing  two  external  V-shaped  dentine 
surfaces  and  two  transverse  ridges  \  while  there  is  only  a  very  small 
diastema  in  the  lower  jaw.  The  cervical  vertebrae  resemble  those 
of  the  Camelida  in  the  position  of  their  arterial  canal.  The  fibula 
articulates  with  the  calcaneum  (as  in  the  Artiodactyla),  and  there 
are  three  digits  in  each  foot,  of  which  the  lateral  ones  are  of  large 
size.  The  incisors  have  a  deep  coronal  infolding  of  the  enamel,  as 
in  the  EquidcB;  and  Dr  Hermann  Burmeister  thinks  that  the  muzzle 
was  produced  into  a  short  proboscis.  The  type  species  is  J/,  pata- 
chonicha;  an  allied  form  from  the  infina-Pampean  beds  of  Argentina, 
named  by  Bravard  Falaotherium  paranense^  is  referred  by  Dr  Bur- 
meister to  this  genus,  but  has  been  made  the  type  of  a  distinct 
genus  by  Dr  Ameghino,  under  the  name  of  Scalibrinitherium  Bra- 
vardi,  M.  minuta  from  the  same  deposits  is  made  by  the  latter 
writer  the  type  of  Oxydontotherium ;  and  the  name  Mesorhinus  is 
applied  to  yet  another  form  from  the  same  area.  Here  also  may  be 
noticed  Theosodon  from  the  above-mentioned  deposits,  which  is 
placed  by  Dr  Ameghino  in  this  family,  although  it  may  be  allied  to 
Homalodontotherium^  which  is  also  placed  here  by  that  writer. 

Suborder  3.  Toxodontia. — This  group  includes  a  number  of 
very  aberrant  and  generalised  Ungulates  from  the  Tertiaries  of  South 
America,  which  present  affinities  to  the  Perissodactyla,  Proboscidea, 
and  Rodentia,  and  consequently  render  it  almost  impossible  to  draw 
up  any  distinctive  diagnosis. 

Family  ToxoDONTiDiC. — Nesodon  from  strata  of  unknown  Ter 

tiary  age  in  Patagonia  has  its  dental  formula  /  ^,  C.  -,  Pm,  -  J/.  -  • 

31  4        3 

the  incisors  having  short  crowns,  and  the  true  molars  a  complex 
Rhinoceroid  structure,  and  thus  connecting  the  dentition  of  Mdcrau- 
chenia  and  Homalodontotheriutn  with  that  of  the  next  genus.  The 
small  N,  ovinus  was  about  the  size  of  a  Sheep ;  but  its  limb-bones 
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are  unknown.  In  Toxodon,  of  which  the  type  species  is  of  large 
size  and  is  found  in  the  Pleistocene  of  Argentina,  the  dental  for- 
mula is  /.  -,  C.  -,  Fm.  i,  M,  ^.     All  the  teeth  (fig.   1251)  grow 

from  persistent  pulps ;  the  lower  canines  are  very  minute,  the  inci- 
sors large,  and  the  crowns  of  both  the  latter  and  of  the  cheek-teeth 
strongly  curved.  The  structure  of  the  latter  is  a  simplification  of 
the  plan  obtaining  in  Nesodon.  The  femur  has  no  third  trochanter, 
the  fibula  articulates  with  the  calcaneum,  and  the  cranium  approxi- 
mates in  some  respects  to  that  of  the  Suidce,  In  the  typical  T, 
platensis  the  outermost  upper  incisor  is  the  larger  of  the  two,  the 


Fif.  X351. — Oral  surfaces  of  the  right  upper  (a)  and  bwer  (b)  dentition  of  Toxodon  Burmeisigri  : 
from  the  Pleistocene  of  the  Argentine  Republic.     Much  reduced,    c,  The  lower  canine. 

reverse  condition  obtaining  in  T,  Burmeisteri  (fig.  1251).  From  the 
infra-Pampean  deposits  Dr  Ameghino  has  recently  described  vari- 
ous remains  of  allied  forms  under  the  names  of  Toxodontotherium^ 
Haplodontotherium^  and  Dilobodon,  A  mandible  from  the  Tertiary 
of  Monte  Hermosa,  in  Argentina,  is  characterised  by  the  triangular 
form  of  the  third  incisor,  and  has  accordingly  been  named  Trigodon 
by  Dr  Ameghino.  Dr  Moreno  states,  however,  that  this  mandible 
belongs  to  the  same  animal  as  the  teeth  described  as  Toxodontother- 
turn  and  Haplodontotherium ;  and  he  would  adopt  for  their  owner 
the  name  Trigodon  as  the  one  which  was  alone  well  defined.^  The 
type  mandible  is  peculiar  in  having  only  a  single  median  incisor, 
placed  on  the  line  of  symphysis,  but  this  is  probably  an  individual 
abnormality.  Apparently  more  nearly  allied  to  Nesodon  (which  Dr 
Ameghino  makes  the  type  of  a  distinct  family)  are  Colpodon  and 
Protoxodon  ;  while  other  allied  remains  described  by  the  same  writer 
from  the  Tertiaries  of  Argentina  under  the  names  of  Interatheriutn^ 
Toxodontophanes,  and  Tembotherium,  are  referred  to  two  distinct 
families. 

Family  TvpoxHERiiDiE. — Perhaps  still  more  remarkable  is  jypo- 

'  This  name  is  really  preoccupied  by  the  earlier  Trigonodon  and  Trigonodus, 
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therium  {Mesotkerium)  from  the  infra-Pampean  beds  of  Argentina, 

I  o  23 

in  which  the  dentition  is  /.  -,  C  -,  Fm.  -,  M.  - .      The  incisors 

grow  from  persistent  pulps;  and  the  structure  of  the  cheek-teeth 
recalls  that  of  Toxodon,  The  skull  (fig.  1252)  is  of  an  Ungu- 
late type ;  there  is  a  third  trochanter  to  the  femur ;  and  clavicles 


Fig.  1252.— Skull  of  Typctktrium  cristatum  ;  from  the  infra-Pampean  of  Argentina. 
One-half  natural  size. 

(w^hich  are  unknown  in  any  other  Ungulate)  are  present  This 
peculiar  genus  presents  characters  connecting  the  Toxodontida  with 
the  Rodents.  Allied  forms  from  the  infra-Pampean  deposits  of  the 
same  region  have  been  described  as  Protypotherium^  StenotephanuSy 
and  Tomodus  ;  while  Pachyrucus  from  the  later  Tertiary  of  Monte 
Hermosa  is  a  much  smaller  form  with  three  premolars. 

Suborder  4.  Condylarthra. — This  group  comprises  a  number 
of  very  generalised  Ungulates  mostly  from  the  Eocene  of  North 
America,  which  are  grouped  by  Professor  Cope,  on  account  of  the 
structure  of  their  feet,  with  the  Hyracoidea  in  a  division  termed 
Taxeopoda.^  Both  the  present  group  and  the  Hyracoidea  are 
characterised  by  the  scaphoid  of  the  carpus  being  supported  by  the 
trapezoid  and  not  by  the  magnum,  which  carries  the  lunar ;  while 
in  the  tarsus  the  cuboid  articulates  proximally  with  the  calcaneum 

^  Professor  Cope  would  also  include  the  Primates  among  the  Taxcopoda. 
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only.  There  is  but  slight  mutual  interlocking  of  the  carpal  and 
tarsal  bones ;  the  structure  of  these  joints  being  simpler  than  in  the 
other  suborders,  and  resembling  those  of  the  Unguiculate  orders. 
In  the  Condylarthra  the  dental  formula  is  nearly  always  the  typical 
one ;  the  cheek-teeth  are  brachydont,  and  usually  bunodont,  although 
rarely  lophodont  The  premolars  are  simpler  than  the  true  molars, 
which  may  be  tritubercular  like  those  of  many  Camivora ;  the  can- 
ines and  incisors  frequently  also  recall  those  of  that  order.  The 
humerus  is  peculiar  among  Ungulates  in  having  an  entepicondylar 
foramen  ;  the  femur  has  a  third  trochanter ;  the  astragalus,  as  in  the 
Camivora,  presents  a  uniformly  convex  distal  articular  surface ;  and 
there  is  no  articular  facet  for  the  fibula  either  on  this  bone  or  on 
the  calcaneum.  The  feet  usually  have  five  digits,  with  sharply 
pointed  terminal  phalangeals ;  and  the  radius  and  ulna  are  distinct 
This  suborder  may  be  regarded  as  containing  the  ancestral  types 
from  which  the  Artiodactyla  and  Perissodactyla  have  sprung.  It 
further  presents  such  remarkable  signs  of  affinity  (especially  in  the 
structure  of  the  teeth,  the  form  of  the  astragalus,  and  the  presence 
of  the  foramen  in  the  humerus)  with  the  Camivora,  that  it  seems 
highly  probable  that  we  may  look  upon  the  Condylarthra  as  a  side 
branch  from  the  original  ancestral  stock  of  the  Camivora,  which  is 
most  nearly  represented  by  the  more  primitive  Creodonts. 

Family  PERiPXYCHiDiC. — In  this  the  most  generalised  family  the 
dentition  is  bunodont ;  the  digits  are  five  on  each  foot ;  the  astra- 


Fig.  tisy—Perifityckus  rhabtlodoH.     Right  upper  (a)  and  lower  {Jf)  cheek-dentition,  grinding 
surface ;  from  the  Puerco  Eocene  of  New  Mexico.    Two-thirds  natural  size.    (After  Cope.) 

galus  has  no  trochlea ;  and  the  premolars  are  very  simple.     In  the 
type  genus  Periptychus^  fi-om  the  Lowest,  or  Puerco,  Eocene  of  New 

Mexico,  the  dental  formula  is  /.  i?I^,  C.  -,  Pm.  -,  M,  -,  and  the 

31  4         3 

incisors  and  lower  canines  are  small.     The  typical  P,  rhabdodon 
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(fig.  1253)  is  characterised  by  its  vertically  grooved  premolars. 
Other  genera  from  the  North  American  Eocene  are  Hexadan,  Ecto- 
conus^  Anisonchus,  Hemithlaus,  HaploconuSy  and  Zetodon  ;  of  which 
the  fourth  may  be  not  separable  from  the  third.  From  this  family 
Dr  Schlosser  regards  the  bunodont  Artiodactyla  as  derived,  and 
thinks  a  direct  relationship  can  be  traced  from  Periptychus  to  Achan- 
odon,  and  thus  to  the  other  Chcsropotamida,  The  humerus  is 
short,  and  much  expanded  distally. 

Family  PHENACODONTiDit. — In  this  family  the  brain  (fig.  1254) 
is  characterised  by  the  extremely  small  size  of  the  hemispheres, 


Fig.  1254. — Inferior,  superior,  and  left  lateral  aspects  of  the  brain  oi  Pkttutcodus ^mavus ; 
from  the  Lower  ExKene  of  North  America.    (After  Cope.) 

which  are  only  one-fourth  longer  than  the  cerebellum,  and  thus 
indicate  a  very  low  type  of  organisation.  The  family  is  readily 
distinguished  from  the  preceding  by  having  a  proximal  trochlea  to 
the  astragalus,  by  the  longer  neck,  and  less  simple  premolars,  which 
are,  however,  different  from  those  of  the  following  family.  The 
type  genus  Phenacodus  (fig.  1255)  includes  several  species  from  the 
Puerco  and  Wasatch  Eocene  of  North  America,  varying  from  the 
size  of  a  small  terrier  to  that  of  a  leopard.  The  dental  series  com- 
prises the  full  typical  number ;  and  although  the  crowns  of  the  upper 
true  molars  are  of  a  bunodont  structure,  yet  they  could  be  readily 
modified  into  the  lophodont  type  of  Hyracotherium^  and  we  must 
probably  regard  the  latter  as  a  direct  descendant  of  the  present 
genus,  with  perhaps  the  intervention  of  Systemodon.  Professor 
Riitimeyer  has  described  some  upper  molars  from  the  Upper 
Eocene  of  Switzerland  which  he  refers  to  Phenacodus^  although 
they  are  much  more  of  a  lophodont  type  than  in  the  American 
species. 

Professor  Cope  remarks  of  one  of  the  species  oi  Phenacodus  that  "the 
size  of  the  animal  is  about  that  of  a  Bull-dog,  but  the  head  is  smaller, 
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and  the  neck  rather  shorter  and  not  nearly  so  robust.  The  limbs  have 
about  the  same  proportions  to  the  body  as  those  of  a  Bull-dog,  but  the 
anterior  ones  are  shorter.  The  proportions  of  the  parts  of  the  hmbs,  and 
of  the  fore  and  hind  limbs  to  each  other,  exceptm^  the  feet,  are  much 
as  in  the  Collared  Peccary.  .  .  .  We  can  thus  imagine  the  Phenacodus 
Vortmani  as  an  animal  of  the  comparatively  slender  build  of  the  Bull- 
dog, with  a  head  and  neck  proportioned  more  as  in  the  Racoon,  and  with 
the  rump  more  elevated  than  the  withers,  as  in  the  Peccary.  The  feet 
resembled  those  of  a  Tapir  or  Rhinoceros,  but  had  an  [additional]  pair 
of  short  toes  on  each  foot,  which  did  not  reach  the  ground.  To  this  add 
a  tail  much  like  a  Cat's  in  proportions,  and  the  picture  is  complete.  In 
diet  the  animal  was  omnivorous,  the  proportions  of  animal  food  being 
smaller  than  the  Hogs,  for  instance,  use.  The  food  is  more  likely  to  have 
resembled  that  of  the  Primates.  What  means  of  defence  this  species  had 
is  not  easily  surmised,  as  the  canine  teeth  and  hoofs  are  not  large.'' 

The  species  represented  in  the  accompanying  woodcut  was  of  larger 
dimensions  ;  Professor  Cope  stating  that  it  was  intermediate  in  size  be- 
tween a  Sheep  and  a  Tapir.  Comparing  it  to  an  animal  with  an  equally 
long  tail,  we  might  perhaps  take  a  Leopard  as  a  fair  representative.  The 
remarkable  length  of  the  tail  at  once  shows  a  wide  difference  from  all 
existing  Ungulates.  Professor  Cope,  from  the  structure  of  the  bones  of 
the  nasal  region,  suggests  that  the  head  may  have  had  a  short  proboscis. 

Other  genera  from  the  American  Eocene  are  Protogonia^  Anac- 
odon^  and  Diacodexis.  The  former  occurs  in  the  Puerco,  and  typically 
has  but  one  outer  tubercle  to  the  fourth  premolar,  in  place  of  the 
two  of  Phenacodus,  Professor  Riitimeyer  refers  to  this  genus  teeth 
from  the  Upper  Eocene  of  Switzerland. 

Family  Meniscotheriid/e. — ^This  family  is  taken  to  include  two 
genera  characterised  by  their  lophodont  dentition,  which  are  evi- 
dently more  specialised  than  the  preceding  types.  By  Dr  Schlosser 
they  are  regarded  as  allied  to  the  Chalicotheriida,  and  there  are 
perhaps  indications  of  affinity  between  the  European  genus  and  the 
Hyracoidea.  The  humerus  is  longer  and  less  expanded  than  in  the 
PeriptychidcB,  but  the  number  of  the  digits  is  unknown.  There  is 
no  marked  diastema  in  the  dental  series.  The  typical  genus  Menis- 
cotherium  is  from  the  Wasatch  Eocene  of  New  Mexico,  and  is  char- 
acterised by  its  small  incisors,  and  the  presence  of  two  outer  lobes  to 
the  last  upper  premolar.  Teeth  from  the  Swiss  Eocene  have  been 
referred  to  this  genus.  In  Hyracodontotheriunty  from  the  Upper 
Eocene  of  France,  the  upper  incisors  are  large  and  curved,  the  first 
being  especially  enlarged,  and  closely  resembling  the  corresponding 
tooth  of  Hyrax ;  the  canine  is  small,  and  resembles  the  third  in- 
cisor ;  while  the  fourth  premolar  has  but  a  single  outer  lobe  or 
tubercle.     Two  species  are  known  by  the  skull. 

Suborder  5.  Hyracoidea. — As  mentioned  under  the  head  of 
the  Condylarthra,  the  structure  of  the  carpus  and  tarsus  in  the 
Hyracoidea  is  the  same  as  in  that  suborder,  but  the  terminal  phal- 
angeals are  truncated,  and  there  is  an  interlocking  articulation  be- 
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tween  the  fibula  and  astragalus.  This  suborder  is  represented  solely 
by  the  family  Hyracida^  containing  the  two  existing  genera  Hyrax 
(^g.  1256)  and  Dendrohyrax  ;  both  of  which  are  confined  to  Africa 
and  Syria,  and  are  unknown  in  a  fossil  condition.     The  dental 

formula  of  the  adult  is  L  -,  C.  -,  Pth,  -.  M,-\  there  are  four 

I  o  4         3 

milk-molars ;  the  incisors  grow  from  persistent  pulps,  and  the  pattern 
of  the  cheek-teeth  is  of  a  Rhinocerotic  type.     The  fore-feet  have 


Fig.  1356. — Left  lateral  aspect  of  the  skull  of  Hyrax  cafensis.    Reduced. 

three,  and  the  hind  ones  four  digits ;  and  the  terminal  phalangeals 
(except  in  the  inner  digit  of  the  pes)  have  rounded  hoof-like  nails. 
The  coracoid  process  of  the  scapula  is  well  developed ;  there  is  no 
entepicondylar  foramen  to  the  humerus  ;  the  femur  possesses  a  small 
third  trochanter ;  and  the  tibia  and  fibula  are  distinct. 

Suborder  6.  Amblypoda. — In  this  suborder,  which  comprises 
primitive  Ungulates  of  great  bulk  from  the  Eocene  of  Europe  and 
North  America,  the  carpus  (fig.  1257,  b)  is  characterised  by  the 
scaphoid  being  supported  by  the  trapezoid  and  not  by  the  magnum, 
while  the  latter  and  the  unciform  support  the  lunar ;  in  the  tarsus 
the  cuboid  articulates  with  both  the  calcanrfm  and  astragalus.  The 
carpus  is  therefore  of  a  more  primitive  type  than  the  tarsus.  Both 
the  carpal  and  the  tarsal  bones  interlock  to  a  slight  extent  (fig.  1257,. 
b,  c)  ;  the  astragalus  is  flat  (fig.  1257,  c) ;  the  feet  are  short,  planti- 
grade, and  furnished  with  fi\t  digits  ;  and  the  fibula  articulates  with 
the  calcaneum.  The  brain  (fig.  1257,  a)  is  very  small  in  propor- 
tion to  the  cranium.  The  cheek-dentition  (fig.  1258)  is  of  a  primi- 
tive lophodont  type ;  the  crowns  of  all  these  teeth  being  very  shorty 
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and  the  upper  true  molars  and  the  hinder  premolars  bearing  two 
main  oblique  ridges,  which  usually  form  one  or  two  V*s.  Upper 
and  lower  canines  are  always  present  The  pelvis  (as  seen  in  fig. 
1260)  resembles  that  of  the  Elephants  in  the  enormous  expansion 
and  vertical  position  of  the  ilia,  but  is  distinguished  by  the  circum- 
stances that  the  ischia  do  not  enter  into  the  ventral  symphysis. 
This  suborder  is  usually  divided  into  three  sections;  but  a  form 


Fig.  1257.— Dull ine  of  upper  aspect  of  cranium  (a),  the  left  (nanus  (  b^)  and  pes  (c)  of  Cory^ 
don  hafnatus ;  from  the  Wasatch  Eocene  of  North  America,  a,  one-fifth,  b  and  c,  one-third 
natural  size. 

recently  discovered  in  the  Bridger  Eocene  of  North  America,  and 
named  Elachoceros^  presents  characters  connecting  the  last  two,  and 
will  perhaps  render  it  eventually  necessary  that  they  should  be 
abolished.  Excluding  this  form,  the  characters  of  the  three  sections 
are  as  follows  : — 

1  In  the  first  row  of  carpal  bones  the  one  on  the  right  of  the  figure  is  the 
cuneiform,  the  central  one  the  lunar,  and  that  on  the  left  the  scaphoid ;  in  the 
second  or  lowest  row  the  bone  on  the  right  is  the  unciform,  the  central  one  the 
magnum,  and  the  one  on  the  left  the  trapezoid. 


Digitized  by  VjOOQIC 


ORDER   UNGULATA. 


1385 


Section  A.  Taligrada. — The  astragalus  has  a  head ;  there  is  a 
third  trochanter  to  the  femur ;  and  superior  incisors  are  present. 

Family  PANTOLAMBDiDiE. — ^The  one  family  of  this  section  is  re- 
presented by  the  genus  Pantolambda^  from  the  Puerco,  or  Lowest, 
Eocene  of  New  Mexico,  which  presents  the  feature,  quite  unique 


Fig.  1358. — Left  upper  cheek -dentition  ot  Coryphodon  kamatus  ;  from  the  Wasatch  Eocene 
of  North  America.    One^half  natural  size.    (After  Marsh.) 

among  lophodont  Ungulates,  of  having  the  upper  true  molars  with 
narrow  subtriangular  crowns  like  those  of  the  premolars  of  Coryph- 
odon  (fig.  1258).  This  is  a  very  important  feature,  as  showing 
the  relationship  of  the  dentition  of  the  Ungulata  to  that  of  the 
Carnivora ;  and  also  as  indicating  that  those  Ungulates  which  have 
the  upper  premolars  as  complex  as  the  true  molars,  are  more  special- 
ised than  those  in  which  the  reverse  condition  obtains. 

Section  B.   Coryphodontia. — In  this  group,   which  Professor 
Cope  terms  Pantodonta,  the  astragalus  has  no  head  \  there  is  a 


Tvg.  1359.— Palatal  aspect  of  the  cranium  oi  Coryph>don  kamatus  :  from  the  Wasatch  Eocene 
of  New  Mexico.    Two-ninths  natural  size.    (After  Cope.) 


third  trochanter  to  the  femur;  and  upper  incisors  are  present. 
The  cranium  has  no  protuberances,  and  the  development  of  the 
upper  canines  is  not  excessive. 
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Family  CoRVPHODONTiDiE. — The  upper  premolars  (fig.  1258)  are 
simpler  than  the  true  molars,  and  there  are  frequently  two  V-shaped 
ridges  on  the  latter.  The  type  genus  Coryphodon  was  originally 
founded  by  Sir  R.  Owen  upon  a  lower  molar  from  the  London 
Clay ;  other  teeth  were  subsequently  found  in  the  Lower  Eocene  of 


the  Continent,  but  it  was  reserved  for  the  discoveries  in  the  homolo- 
gous strata  of  North  America  to  indicate  the  full  structure  of  this 

curious  genus.     The  dentition  is  /.  -,  C  -,  Pm.  - ,  J/.  -  ;  and  the 

3143 
structure  of  the  upper  molars,  cranium,  and  feet  is  exhibited  in  the 
three  accompanying  woodcuts  (figs.  1 257-1 259.)     Other  forms  from 
the^'Eocene  of  America  have  received  the  names  of  Metalophcdcn 
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Bathmadofiy  Ectacodon^  and  Manteodon ;  but  further  observations 
are  required  to  show  whether  all  of  these  are  really  distinct  from 
the  type  genus. 

Section  C.  Dinocerata. — The  third  section  of  this  suborder, 
which  Professor  Marsh  regards  as  entitled  to  rank  as  a  distinct  sub- 
order, is  represented  by  the  now  well-known  Dinocerata,  which  are 
exclusively  confined  to  the  Upper  or  Bridger  Eocene  of  North 
America.  These  animals  were  ponderous  brutes,  nearly  as  bulky 
as  an  Elephant,  to  which  group  they  present  many  curious  points  of 
resemblance.  The  skull  (figs.  1 261-1263)  bears  several  large  pro- 
tuberances ;  and  the  upper  canines  of  the  males  were  enormously 
developed  (recalling  those  of  the  Feline  genus  Macharodus\  and 
were  frequently  protected  from  injury  by  a  descending  flange  de- 
veloped from  the  symphysis  of  the  mandible,  as  is  well  shown  in  the 
figure  of  the  skeleton.  A  peculiar  and  characteristic  feature  is  the 
total  absence  of  upper  incisors ;  while  another  distinctive  character 
is  the  want  of  a  third  trochanter  to  the  femur,  which  thus  resembles 
the  corresponding  bone  of  the  Proboscidea. 

Family  UiNXATHERiiDiE. — The  whole  of  the  members  of  the 


Fig.  i36i.>-Left  lateral  view  of  the  skull  of  Uintatfurium  mirabiU ;  from  the  Bridger 
Eocene  of  Wyoming.    Much  reduced.    (After  Marsh.) 

section  may  be  included  in  this  family — the  equivalent  of  the  Tino- 
ceratida  of  Professor  Marsh.  The  hinder  upper  premolars  are  as 
complex  as  the  true  molars,  and  there  is  no  distinct  third  lobe  to 
the  last  lower  true  molar;  while  in  the  hinder  cheek-teeth  of  the 
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upper  jaw  the  two  transverse  ridges  unite  on  the  inner  border  of 
the  crown  to  form  a  V ;  another  V,  with  its  angle  directed  inwardly, 
occurring  in  the  corresponding  lower  teeth.  The  least  specialised 
genus  is  Batkyopsis,  of  the  lower  part  of  the  Bridger  Eocene,  in 
which  the  lower  canine  is  separated  from  the  incisors,  and  bites  in 
front  of  the  upper  canine  in  the  normal  manner ;  thus  connecting 
the  more  specialised  forms  with  Coryphodon,  Another  form  of 
comparatively  small  size,  distinguished  by  the  absence  of  nasal 
prominences,  is  apparently  also  entitled  to  generic  distinction,  and 
has  been   named  Elachoceros.      The  typical  forms,   according  to 


il  IT     B       ^  ^     c     ^ 

Fig.  1162.— Uintathtrium  tmrahiU;  from  the  Bridger  Eocene.  Reduced,  a.  Frontal  aspect 
of  cranium ;  b.  Left  manus;  c,  Left  pes.  In  b  the  middle  bone  of  the  top  row  is  the  lunar, 
while  the  oval  Done  on  t^e  left  of  the  second  row  is  the  trapezoid.  The  topmost  bone  in  c  t» 
the  astragalus.    (After  Marsh.) 

Messrs  Scott  and  Osborn,  may  all  be  grouped  under  the  generic 
name  of  Uintatheriutn^  although  they  have  been  split  up  by  many 
writers  into  several  genera  under  the  names  of  Dinoceras^  Octotomus, 
Tinoceras^  Eobasileus^  and  Loxolophodon,  This  genus  may  be  char- 
acterised by  the  presence  of  nasal  tuberosities  (fig.  1261),  and  by 
the  lower  canine  being  approximated  to  the  incisors,  which  it  re- 
sembles in  structure.      The  dental  formula  is  usually  /.  -,  C.  -, 

3         ^ 
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3  'J 

Pm.  ',  M.  -;  but  according  to  Professor  Cope  the  lower  incisors 

may  be  wanting.  The  genus  may  be  divided  into  a  Dinaceratine 
and  a  Tinoceratine  group.  The  former,  which  includes  Dinoceras 
of  Marsh  and  Octototnus  of  Cope,  comprises  the  smaller  forms  from 
the  typical  Bridger,  in  which  the  nasals  are  not  greatly  produced, 
and  their  prominences  are  comparatively  small  (figs.  1261,  1262). 
According  to  Professor  Marsh,  the  base  of  the  upper  canine  is 
vertical,  and  the  lunar  has  a  small  facet  for  articulation  with  the 

trapezoid  (fig.    1262,   b)  ;   the  neck 
/  "  *  ^      being  comparatively  short      In   the 
/     second  group,  comprising   Titwterns 
of  Marsh  J  and  Eobasikus  and  Z^-vtf- 
lophodon  of  Cope,  all  the  species  are 
of   huge   size,   and   have   the   nasals 
overhanging  the  premaxillje,  with  the 
prominences  very  large  (figs.    1260, 
1262).    These 
species  are  con- 
fined   to     the 
upper  Bridger, 
and   have    the 
base    of   the 
Ui>per     canine 
horizontal,  the 
trafiezoid    not 


Fijf.  1263.— Right  bteral  a-tpcci  of  the  skuti 
of  Umtmiluwimm  ccmutum;  from  the  Bridger 
Eocene.     Kcduccd.    (Af^cr  Cope.) 


articulating  with  the  lunar,  and  the  neck  longer.     The  species,  of 
which  the  skull  is  shown  in  fig.  1262,  is  remarkable  for  having  the 
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second  pair  of  prominences  placed  over  the  orbit,  instead  of  much 
further  back,  as  in  fig.  1260. 

Writing  of  the  Dinocerata  Professor  Marsh  observes  that  "  the  fossil 
remains  of  this  p^oup  have  hitherto  been  found  in  a  single  Eocene  lake- 
basin  of  Wyommg,  and  none  are  known  from  any  other  part  of  this 
country  or  from  the  Old  World.  These  gigantic  beasts,  which  nearly 
eoualled  the  Elephant  in  size,  roamed  in  great  numbers  about  the  borders 
ol  the  ancient  tropical  lake,  in  which  many  of  them  were  entombed.  This 
lake-basin,  now  drained  by  the  Green  River,  the  main  tributary  of  the 
Colorado,  slowly  filled  up  with  sediment,  but  remained  a  lake  so  long 
that  the  deposits  formed  in  it,  during  Eocene  time,  reached  a  vertical 
thickness  of  more  than  a  mile.  ...  At  the  present  time  this  ancient 
lake-basin,  now  6000  to  8000  feet  above  the  sea,  shows  evidence  of  a  vast 
erosion,  and  probably  more  than  one-half  of  the  deposits  once  left  in  it 
have  been  washed  away,  mainly  by  the  action  of  the  Colorado  river. 
What  remains  forms  one  of  the  most  picturesque  regions  in  the  whole 
West,  veritable  mauvcdses  terres,  or  bad  lands,  where  slow  denudation 
has  carved  out  cliffs,  peaks,  and  columns  of  the  most  fantastic  shapes 
and  colours.  This  same  action  has  brought  to  light  the  remains  of  many 
extinct  animals,  and  the  bones  of  the  Dmocerata,  from  their  great  size, 
naturally  first  attract  the  attention  of  the  explorer."  The  latter  part  of 
this  description  recalls  to  mind  the  very  similar  conditions  of  the  Plio- 
cene Siwalik  deposits  of  Northern  India,  where  the  place  of  the  bones  of 
Dinocerata  is  taken  by  that  of  Proboscidea.  The  Professor  proceeds  to 
mention  that  the  first  remains  of  these  wonderful  animals  were  obtained 
by  him  in  the  year  187a 

In  respect  to  their  structure  the  same  writer  observes  that  in  the 
cranium  "  each  maxillary  bone  carried  a  well-developed  process,  prob- 
ably of  the  nature  of  a  horn-core.  The  nasals  support  two  similar  but 
smaller  horn-cores ;  and  the  frontals  are  developed  behind  into  two  larger 
bony  projections,  most  probably  also  of  the  nature  of  horn-cores.  The 
animal  thus  possessed  three  pairs  of  horn-cores,  one  carried  by  the  upper 
jaw-bones,  one  by  the  nasals,  and  one  by  the  frontal  bones.  Whether, 
however,  these  so-called  *  horn-cores'  really  supported  horns,  of  the  nature 
of  the  horns  of  the  Cavicom  Ruminants,  is  quite  a  matter  of  conjecture ;  - 
and  there  is  much  probability  in  the  view  entertained  by  Owen — namely, 
that  some  of  them  were  simply  covered  by  callous  integument" 

As  regards  the  mental  powers.  Professor  Marsh  remarks :  "  The  brain- 
cavity  of  Uintatkerium  is  perhaps  the  most  remarkable  feature  in  this 
remarkable  genus.  It  proves  conclusively  that  the  brain  (fig.  1262,  a) 
was  proportionately  smaller  than  in  any  other  known  manmial,  recent  or 
fossil,  and  even  less  than  in  some  reptiles.  It  is,  in  fact,  the  most  rep- 
tilian brain  in  any  known  mammal  In  U.  mirabile  the  entire  brain  was 
actually  so  diminutive  that  it  could  apparently  have  been  drawn  through 
the  neural  canal  of  all  the  presacral  vertebrae,  and  certainly  through  the 
cervicals  and  lumbars." 

Suborder  7.  Proboscidea. — The  last  of  the  suborders  into 
which  the  Ungulates  are  divided  is  that  of  the  Proboscidea,  repre- 
sented at  the  present  day  solely  by  the  two  species  of  Elephant, 
but  in  past  epochs  including  a  large  number  of  more  or  less  closely 
allied  forms.     These  animals  are  of  huge  bulk  and  stout  build,  and 
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include  the  largest  known  mammals.  They  present  the  following 
characteristic  features ;  those  of  the  soft  parts  being,  of  course,  only 
known  in  the  existing  species.  The  nose  is  produced  into  a  long 
flexible  proboscis  terminated  by  the  nostrils  (fig.  1264);  from  which 
feature  the  name  of  the  suborder  is  derived.  The  limbs  are  stout, 
with  their  segments  placed  nearly  in  a  vertical  line  (fig.  1267),  and 
the  proximal  segment  the  longer.  In  the  second  segment  the  two 
component  bones  (radius  and  ulna  in  the  fore,  and  tibia  and  fibula 


Ftg.  1364.— Skull  of  the  Indian  Elephant  (EU^kas  indicus).    Greatly  reduced,    t,  Tusk-like 
upper  incisors;  m,  Lower  jaw;  m,  Nostrils,  placed  at  the  end  of  the  proboscis. 

in  the  hind  limb)  are  distinct.  In  the  carpus  the  scaphoid  is 
supported  by  the  trapezoid,  but  not  by  the  magnum,  the  latter 
supporting  the  lunar;  while  in  the  tarsus  the  cuboid  articulates 
proximally  with  the  distal  face  of  the  navicular,  but  not  with  the 
astragalus.  In  both  the  carpus  and  tarsus  the  component  bones 
interlock  but  very  slightly ;  the  type  of  structure  of  the  tarsus  being 
one  step  in  advance  of  that  obtaining  in  the  Condylarthra.  The 
feet  (fig.  1265)  are  plantigrade;  there  are  five  digits  to  each  foot; 
the  astragalus  (fig.  1265)  is  flat ;  the  femur  has  no  third  trochanter; 
the  fibula  articulates  with  the  calcaneum ;  and  the  jugal  forms  the 
middle  of  the  zygomatic  arch.  The  brain  is  of  large  size ;  canines 
appear  to  be  always  absent;  while  incisors,  growing  from  persist- 
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ent  pulps,  are  present  either  in  the  upper  or  lower  jaws  of  the 
males  of  all  the  forms  at  present  known.  The  cheek-teeth  may  attain 
extreme  complexity ;  and  the  true  molars  always  consist  of  transverse 
ridges,  which  may  vary  greatly  in  height,  and  may  be  either  uninter- 
rupted, or  split  up  into  inner  and  outer  columns,  which  may  have  a 

more  or  less  alternate  arrangement ; 
there  are  never  fewer  than  three 
such  ridges  in  the  last  milk  and  the 
first  true  molars;  and  the  intervening 
valleys  may  be  either  entirely  open, 
or  blocked  by  accessory  tubercles,  or 
completely  filled  with  cement.  The 
toes  are  all  invested  in  a  common 
integument,  although  furnished  with 
distinct  broad  hoofs ;  and  the  third 
digit  of  each  foot  is  the  largest 
There  are  two  anterior  venae  cavae 
entering  the  right  auricle  of  the 
heart ;  the  stomach  is  simple ;  there 
is  a  large  caecum;  the  testes  are 
permanently  retained  in  the  abdo- 
men ;  the  uterus  has  two  comua ; 
and  the  placenta  is  non-deciduate 
and  zonary. 

In  the  skull  and  dentition  the 
members  of  this  suborder  are  de- 
cidedly specialised ;  but  in  other 
respects,  such  as  the  structure  of 
the  limbs,  and  the  presence  of  two 
venae  cavae,  they  show  very  gene- 
ralised features;  and  there  are  not 
wanting  indications  of  a  remote 
affinity  with  the  Rodents,  and  per- 
haps the  Sirenia.  It  will  be  shown 
as  we  proceed  that  the  structure  of  the  cheek-dentition  has  ad- 
vanced from  a  comparatively  generalised  type  in  Dinotherium  to 
an  extremely  specialised  one  in  the  existing  species  of  Elephants; 
and  it  appears  that  this  specialisation  "  has  followed  to  a  consider- 
able extent  a  line  analogous  to  that  obtaining  in  the  Perissodact)'la 
and  Artiodactyla,  and  shows  itself  in  the  increased  height  and  com- 
plexity of  the  crowns  of  these  teeth  and  in  the  final  attainment  of  a 
nearly  horizontal  and  continuous  plane  of  wear.  From  the  structure 
of  the  cheek-teeth  -in  the  more  generalised  members  of  the  suborder, 
it  may  be  inferred  that  the  action  of  the  molars  of  one  jaw  upon 
those  of  the  other  must  have  been  mainly  a  scissor-like  or  snapping 


Fig.  lae^. — Dorsal  aspect  of  the  left  pes 
of  the  Indian  Elephant  {Eie^kas  indicus). 
Greatly  reduced.  (After  Cuvier.)  The 
numbers  indicate  the  digits.  The  upper- 
most bone  is  the  calcaneum,  resting  upon 
which  is  the  astragalus,  with  its  flat  tibial 
surface.  The  bone  with  a  long  narrow 
dorsal  surface  immediately  below  the  astra- 
galus is  the  navicular ;  while  the  one  sup- 
porting the  metatarsals  of  the  fourth  and 
fifth  digits  is  the  cuboid. 
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one,  while  in  the  more  specialised  forms  this  action  has  been  con- 
verted into  a  perfect  grinding  motion."^ 

The  pelvis  of  the  Proboscidea  is  characterised  by  the  vertical 
position  and  great  expansion  of  the  large  ilia,  and  the  very  small 
size  of  the  ischia  and  pubes,  both  of  which  enter  into  the  formation 
of  the  very  short  symphysis. 

The  Proboscidea  make  their  first  appearance  in  the  Middle  Mio- 
cene (Sansan  stage)  of  Europe ;  but  we  are  still  unacquainted  with 
any  form  which  connects  them  decidedly  with  the  other  suborders 
of  the  Ungulata,  although  Dinotherium  affords  an  inkling  of  how 
such  a  transition  may  have  taken  place.  The  Mastodons  prob- 
ably originated  in  Europe,  from  whence  they  travelled  to  India, 
and  there  gave  origin  to  the  peculiar  Stegodont  group  of  Ele- 
phants, which  are  the  parents  of  the  existing  specialised  forms. 
From  the  eastern  regions  of  the  Old  World  it  seems  probable 
that  the  higher  Elephants  travelled  back  to  Europe,  while  they 
also  reached  North  America  in  the  Pleistocene  epoch ;  Mastodons 
having  arrived  in  the  New  World  during  the  preceding  Pliocene 
period. 

Family  DiNOTHERiiDiE. — This  family  is  at  present  known  solely 
by  the  genus  Dinotherium^  of  which  the  remains  are  found  in  the 


Fi^.  X966. — Skull,  and  lateral  (a)  and  oral  (b)  aspects  of  the  first  lower  true  molar  of  Dino- 
tkmum  giganUum ;  from  the  Upper  Tertiary  of  Europe.  All  the  figures  are  reduced ;  the 
reduction  0?  b  being  less  than  that  of  a. 

Miocene  and  Pliocene  of  Europe  and  India.  The  type  species  is 
D.  giganteutn  (fig.  1266),  originally  described  by  Cuvier,  upon  the 
evidence  of  a  molar  tooth  from  the  Middle  Miocene  of  the  Orlean- 
nais,  as  a  gigantic  Tapir,  but  better  known  by  the  cranium  and 

^  Quoted  from  the  writer's  'Catalogue  of  Fossil  Mammalia  in  the  British 
Museum,'  pt.  iv.,  from  which  other  extracts  have  already  been  made. 
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jaws  obtained  by  Drs  Kaup  and  Klipstein  from  the  Lower  Pliocene 
of  Eppelsheim,  in  Hessen-Darmstadt  Dinotherium  was  an  animal 
of  the  bulk  of  an  Elephant,  characterised  by  the  presence  of  a  pair 
of  tusk-like,  backwardly-curved  incisors  in  the  lower  jaw,  and  by 
having  in  the  adult  five  cheek-teeth,  of  which  the  two  first  are  pre- 
molars. The  true  molars  carry  simple,  low,  transverse  ridges ;  of 
which  there  are  three  in  the  first  tooth  of  the  series  (fig.  1 266,  a,  b), 
and  two  in  each  of  the  others.  The  upper  premolars  differ  from 
the  true  molars  in  having  their  two  transverse  ridges  connected  on 
the  outer  side  by  a  longitudinal  ridge,  which  causes  these  teeth  to 
be  of  the  lophodont  type  of  those  of  the  Tapirs.  In  the  young 
animal  there  were  three  milk-molars  in  each  jaw,  which  resemble 
the  true  molars  in  structure ;  each  of  the  first  two  having  a  pair  of 
transverse  ridges,  while  the  third  has  three  of  these  ridges,  and  thus 
resembles  the  first  true  molar.  The  number  of  ridges  in  the 
milk  and  true  molars  may  therefore  be  represented  by  the  ciphers 

2.2.*^  ^.2.2 

Mm, *',  M,  ' ;   the  import  of  which  we  shall  notice 

2.2.3  3.2.2 

under  the  head  of  the  Elephantida.     Dinotherium  indicum^  from 

the  Upper  Miocene   and   the  Lower  Pliocene   of  North-western 

India,  was  probably  nearly  allied  to  the  European  species. 

Family  ELEPHANTiDiE. — ^With  this  family  we  enter  a  group  of 

animals  in  which  the  succession  of  the  cheek-teeth  presents  such 

marked  peculiarities  as  to  require  special  notice  at  the  outset    In 

the  existing  members  there  are  normally  six  of  such  teeth,  which 

increase  gradually  in  size  and  complexity  from  the  first  to  the  last 

The  last  three  of  these  teeth  correspond  to  the  true  molars  of  less 

aberrant  Ungulates,  while  the  anterior  ones  represent  the  last  three 

milk-molars  of  the  same.     These  milk-teeth  are  not  succeeded  by 

premolars,  but  the  whole  series  of  teeth  is  gradually  pushed  forwards 

in  the  jaw;   the  anterior  teeth  being  worn  away  and  their  roots 

absorbed  before  the  hinder  ones  come  into  use.     In  consequence 

of  this  arrangement,  and  the  large  absolute  size  of  the  teeth,  there 

are  never  more  than  portions  of  two  cheek-teeth  on  either  side  of 

each  jaw  in  use  at  any  one  time,  as  is  shown  in  fig.  1264.    The 

cheek-teeth  of  the  existing  Elephants  will  therefore  correspond  to 

Mm,  2  +  Mm,  3  +  Mm.  4  +  J/.  i-hM,  2  +  ^.  3  of  the  tjrpical  series, 

but  it  is  not  improbable  that  in  very  rare  instances  Mm,  i  may  also 

be  developed.    If  we  had  to  depend  entirely  on  the  evidence  of  the 

existing  forms,  there  might  be  some  doubt  as  to  the  serial  homology 

of  the  three  teeth  which  we  reckon  as  milk-molars ;  but  this  question 

is  set  at  rest  by  some  of  the  fossil  forms,  in  which  these  teeth  were 

vertically  succeeded  by  small,  and  usually  functionless,  premolars. 

The  total  disappearance  of  the  premolars,  and  the  persistence  of 

the  milk-molars  in  the  higher  forms,  is  the  widest  departure  from 
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the  simple  marsupial  dentition  known  in  the  whole  class.  In  some 
of  those  fossil  forms  in  which  the  structure  of  the  cheek-teeth  is 
simpler,  there  may  be  portions  of  three  such  teeth  in  use  at  the 
same  time.  The  serial  position  of  individual  teeth  in  any  one 
species  can  be  more  or  less  exactly  determined  by  their  absolute 
size,  and  the  number  of  transverse  ridges  which  they  carry.  In  all 
members  of  the  family  there  are  never  less  than  three  ridges  in  the 
fourth  milk-molar  and  the  first  and  second  true  molars  (which  are 
often  collectively  spoken  of  as  the  "intermediate  molars"),  while 
the  last  true  molar  has  one  or  more  ridges  in  excess  of  the  preced- 
ing tooth.  Incisors  are  always  present  in  the  upper  jaw  of  male 
individuals,  and  may  or  may  not  be  also  developed  in  the  lower 
jaw.  In  transverse  section  the  dentine  of  these  teeth  displays  a 
peculiar  arrangement  of  decussating  lines,  similar  to  the  "  engine- 
turning  "  on  the  back  of  a  watch-case,  by  the  presence  of  which  true 
ivory  can  always  be  recognised. 

The  earliest  and  least  specialised  genus  of  this  family  is  Mastodon^ 
in  which  premolars  and  lower  incisors  are  frequently  present,  and 


Fig.  1367.— Restoration  of  the  skeleton  of  Mastodon  angusttdtns.    Greatly  reduced. 
(After  Gaudry.) 

the  upper  incisors  may  have  longitudinal  bands  of  enamel.  The 
cheek-teeth  carry  transverse  ridges,  which  may  be  entire  or  may  be 
divided  into  distinct  inner  and  outer  columns  with  a  more  or  less 

*  Professor  Cope  proposes  an  arrangement  of  the  Elephantidce  differing  from 
the  one  generally  adopted.  Thus  the  genus  Mastodon  is  split  up  into  Tetrabel- 
odcn,  in  which  there  are  both  upper  and  lower  tusks,  and  the  former  have  an 
enamel -band;  DiUlodon^  in  which  the  lower  tusks  are  usually  wanting,  but 
the  upper  ones  have  an  enamel-band ;  and  Mastodon^  in  which  there  are  no  lower 
ttisks,  and  no  enamel-band  on  the  upper  ones.  Elephas  is  divided  into  Emmen- 
odon,  typically  represented  by  Elephas  Clifti  (apparently  the  type  of  Stegodon), 
bat  also  including  E,  flanifrons^  and  characterised  by  the  presence  of  premolars  ; 
and  Elephas^  which  is  taken  to  include  all  the  other  species. 


Digitized  by  LjOOQ  IC 


1396 


CLASS  MAMMALIA. 


alternate  arrangement;  outlying  tubercles  may  be  present  in  the 
intervening  valleys,  which  are  frequently  entirely  devoid  of  cement, 
and  are  never  completely  filled  by  it  All  the  "  intermediate  "  molars 
usually  have  the  same  number  of  ridges ;  this  number  varying  from 
three  to  five.  The  ridges  are  always  bisected  by  a  median  cleft 
traversing  the  long  axis  of  the  crown ;  and  the  plane  of  wear  of  the 
crowns  of  the  teeth  is  oblique,  that  of  the  upper  jaw  inclining  from 


Fig.  126%.— MastodcH  an^iatiden*.    The  fourth  left  lower  milk- molar ;  from  the 
Lower  Siwaliks  of  India. 

the  outer  to  the  inner  side,  and  the  reverse  obtaining  in  the  lower. 
Three  cheek-teeth  may  be  in  use  at  the,  same  time,  and  the  sym- 
physis of  the  mandible  may  be  greatly  elongated.  The  vertex  of 
the  cranium  (fig.  1267)  is  usually  but  slightly  elevated,  as  in  the 
majority  of  Ungulates  ;  and  in  the  less  specialised  forms  (as  may  be 
seen  by  comparing  fig.  1267  with  fig.  1270)  the  proportions  of  the 


Fig.  1269. — Mastodon  ansmstidtns.  Vertical  longitudinal  section  of  the  first  lower  true  molar ; 
from  the  Middle  Miocene  of  France.  Two-thirds  natural  size.  ^,  Enamel ;  c,  Dentine,  (.\fter 
Gaudry.) 

entire  skeleton  depart  less  widely  from  the  same  type.  The  genus 
has  been  divided  into  two  groups,  according  to  the  number  of  ridges 
in  the  cheek-teeth.  In  the  first  or  Trilopkodonf  group,  the  number 
of  complete  ridges  in  each  of  the  three  "  intermediate "  molars  is 
three  (fig.  1 268) ;  the  ridge-formula  of  the  complete  series  of  cheek- 
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teeth  being  represented  by  the  ciphers  Mm.  — — -^  M,  . 

1-2.3  3 • 3  •  4 

It  will  be  noticed  that  in  this  section  the  number  of  ridges  in  the 
third  and  fourth  milk-molars  and  the  first  true  molar  is  the  same  as 
in  Dinotherium, 

One  of  the  earliest  examples  of  this  group  is  M,  angustidens  from  the 
higher  Miocene  of  both  Europe  and  India,  of  which  two  lower  cheek- 
teeth are  represented  in  plan  and  section  in  figs.  1268  and  1269.  The 
simple  structure  of  these  teeth  is  shown  in  the  section,  where  the  valleys 
separating  the  low,  interrupted  ridges,  are  seen  to  be  devoid  of  cement, 
although  partially  blocked  by  outlying  tubercles.  The  imperfect  fourth 
ridge  at  the  hinder  extremity  (nght  side  of  figures)  of  these  teeth  is 
termed  the  talon.  The  mandibular  symphysis  (fig.  1267)  in  this  species 
was  elongated  and  furnished  with  a  pair  of  incisors  ;  while  the  milk- 
molars  were  succeeded  by  premolars.  Allied  to  this  species  are  M.  pan- 
dionis  of  the  Upper  Miocene  and  Pliocene  of  India,  and  M.  pentelici  of 


Fig.  1270. — Skeleton  oi  Mastodon  americanus  :  from  the  Pleistocene  of  Missouri. 
Much  reduced. 

the  Lower  Pliocene  of  Attica,  Hungary,  Samos,  and  Persia.  From  M. 
angustidens  there  is  but  a  step  to  the  contemporaneous  European  M. 
turicensiSy  in  which  the  ridges  of  the  molars  extend  straight  across  their 
crowns,  without  outlying  tubercles  in  the  valleys  ;  and  from  this  species, 
again,  the  transition  is  easy  to  the  Pliocene  M,  Borsoni  of  Europe,  in 
which  the  mandibular  symphysis  has  become  shortened  in  conse- 
quence of  the  absence  of  lower  incisors.  A  later. offshoot  from  the  same 
branch  is  found  in  M,  americanus  (frequently  known  as  M.gigMiieus^ 
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or  ohioticus)  of  the  Pleistocene  of  North  America.  Remains  of  this 
species  (figs.  1270,  1271)  are  exceedingly  abundant  in  the  celebrated 
'*  Big- Bone- Lick  "  of  Kentucky,  in  which  region  the  species  survived  into 
the  human  peri^.  Although  the  mandibular 
symphysis  is  short,  a  single  small  incisor  is 
occasionally  found  on  one  side  of  the  jaw; 
premolars  had  however  disappeared.^  Other 
Trilophodont  species  are  M.  Humboldti  and 
M,  corcUlUrum  {andiutn)  of  the  Pleistocene 
of  South  America,  in  both  of  which  the  trans- 
verse ridges  of  the  cheek-teeth  are  broken 
into  columns.  The  former  species  is  distin- 
guished by  the  short  and  edentulous  sym- 
physis of  the  mandible.  According  to  Dr 
Falconer,  the  latter  had  an  elongated  mandib- 
ular symphysis  and  large  lower  incisors ;  but 
Dr  Burmeister  states  that  this  reference  is 
incorrect,  and  that  the  symphysis  was  short 

Fig.    1,71. -Outer   view    of       and  tUSkleSS. 
second  left  lower  true  molar  of 
Mas^n    americanus.        Re-  j^    ^^^    Tetralofhodont  glOUp    the   nUIH- 

her  of  ridges  in  the  cheek-teeth  is 
greater  than  in  the  former  group,  there  being  usually  four  in 
the  "  intermediate  "  and  five  in  the  last  true  molars ;  but  there 
may  be  occasionally  five  in  the  former  and  six  in  the  latter.    The 


M, 


4-4-5 
4-4-5* 


complete  normal  ridge-formula  is,  therefore,  Mm,  — ^  ^, 

2-3-4 

In  this  group  Mastodon  arvemensis,  from  the   Upper  Pliocene  of 
Europe,  is  characterised  by  the  number  of  accessory  tubercles  on  the 


Fig.  1272. — Mastodon,  art'emensis  :  the  fourth- left  upper  milk-molar  ;  from  the 
Norwich  Crag,    (.\fter  Lyell.) 

crowns  of  the  cheek-teeth  (fig.  1272)  and  the  somewhat  alternate  arrange- 
ment of  the  inner  and  outer  columns  of  their  transverse  ridges,  by  which 

^  It  appears  probable  that  these  teeth  may  occasionally  be  developed  as  an 
abnormality. 
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means  the  transverse  valleys  become  more  or  less  completely  blocked. 
Closely  allied  to  this  species  is  Mastodon  sivaiensis^  of  the  Pliocene  of 
Northern  India,  of  which  a  last  upper  true  molar  is  represented  from  the 
lateral  aspect  in  fig.  1273 ;  in  this  species  there  are  occasionally  fiw^ 


Fig-  1273.— Profile  view  of  last  upper  true  molar  of  Mastodon  sivaUtuis;  from  the 
Pliocene  of  the  Stwalik  Hills  of  India.    Reduced. 

ridges  in  the  "  intermediate  "  molars,  and  the  last  upper  true  molar  (as  in 
the  figure)  may  have  six  ridges  and  a  hind  talon  ;  the  blocking  of  the 
valleys  by  the  alternate  arrangement  of  the  inner  and  outer  columns  of 
the  ridges  is  well  exhibited  in  the  woodcut.  Both  in  this  species  and  M. 
atvemensis  the  symphysis  of  the  mandible  is  short  and  tuskless,  as  in 

the  modem  Elephants  ;  and  the 
Siwalik  species  is  further  charac- 
terised by  the  great  elevation  of 
the  vertex  of  the  skull  (fig.  1274), 
in  which  respect  it  also  agrees 
with  the  last  -  named  group. 
Both  these  species  must  be  re- 
garded as  highly  specialised 
forms  which  have  diverged  from 
the  line  connecting  the  Trilo- 
phodont  group  with  the  true 
Elephants.  We  may  here  briefly 
mention  M,  perimensis  and  M, 
punjabiensis  of  the  Indian  Plio- 
cene, which  show  certain  charac- 
ters intermediate  between  the 
two  above  -  mentioned  species 
and  AI.  longirostris^  which  we 
now  proceed  to  notice.  The 
last-named  species  occurs  typi- 
cally in  the  Lower  Pliocene 
bone -sand  of  Eppelsheim  in 
Hessen  -  Darmstadt,  but  has 
been  also  found  in  the  English  Red-Crag.  It  has  an  elongated  mandi- 
bular symphysis  furnished  with  a  pair  of  short  incisors  (fig.  1275),  and 
VOL.  II.  2  K 


Fig.  1*74- — Left  lateral  view  of  the  skull  of 
Mastodon  sivaUnsis  i  from  the  Siwalik  Hills  of 
India.  Greatly  reduced.  (After  Falconer  and 
Cautley.) 
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the  ridges  of  the  cheek-teeth  (fig.  1276)  are  nearly  straight,  and  the  in- 
tervening valleys  only  partially  blocked  by  tubercles.  The  latter  wood- 
cut shows  the  progressive  increase  in  the  number  of  ridges  of  the  milk- 
molars  of  the  present  group ;  the  first  and  second  true  molars,  which 


Fig.  1375. — Left  lateral  view  of  the  imperfect  xkull  of  Mastodcn  bmgirvtirit :  firon  the 
Bone-sand  of  Hessen-Darmstadt.    Much  reduced.    (After  Kaup.) 

would  follow  the  fourth  milk-molar  (the  right-hand  tooth  in  the  figure), 
each  have  the  same  number  of  ridges  as  the  latter.  M.  Cautleyiy  of  the 
Pliocene  of  Western  India,  is  a  form  connecting  the  last  species  with  M, 
latidens.    The  latter  is  very  widely  distributed,  ranging  in  the  Pliocene 


Fig.  1276.— The  three  left  upper  milk-molars  of  Metstodon  longirostris  :  from  the 
Bone-sand  of  Hessen-Darmstadt.    (After  Kaup  ) 

from  India  and  Burma  to  Borneo ;  the  symphysis  of  the  mandible  is 
short ;  the  molars  (fig.  1277)  are  very  wide,  with  their  ridges  and  valle)'S 
straight  and  uninterrupted  ;  and  these  teeth  pass  so  completely  into  the 
type  of  those  of  the  least  specialised  species  of  Elephas  as  to  indicate 
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that  there  is  really  no  distinction  between  that  genus  and  Mastodon^ 
although  the  retention  of  the  latter  term  for  the  more  generalised  forms 
of  what  would  be  otherwise  a  very  unwieldy  genus  is  convenient. 


Fig.  1277.— Crown  surface  of  the  third  left  upper  true  molar  o{  Mastodon  latidens  ; 
from  the  Pliocene  of  Borneo.    Two>thirds  natural  size. 

With  the  above-mentioned  proviso  as  to  its  apparent  passage  into 
Mastodon  we  may  note  the  chief  features  of  the  existing  genus  Elephas. 


Fig.  1278.— Palatal  view  of  the  mandible  of  the  Indian  Elephant  {Eie^kas  indicus).  Greatly- 
reduced.  The  hinder  portion  of  the  penultimate  and  the  anterior  half  of  the  last  true  molars  are 
in  use. 

Thus  lower  incisors  (tusks)  are  invariably  wanting  ;  the  enamel  on 
the  upper  incisors  merely  forms  a  small  cap  at  their  extremities ; 
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premolars  are  nearly  always  absent ;  while  the  mandibular  symphysis 
is  never  produced  into  a  long  rostrum,  but  usually  terminates  in  a 
short  spout-like  channel,  as  in  fig.  1278.  The  ridges  of  the  true 
molars  extend  straight  across  their  crowns,  and  generally  show  no 
sign  of  division  into  inner  and  outer  columns ;  there  is  always  a 
certain  quantity  of  cement  in  the  valleys  between  the  ridges  ;  and  in 
those  species  in  which  these  ridges  become  developed  into  tall  thin 
plates,  the  cement  forms  equally  tall  laminae  filling  the  intervening 
spaces.  In  the  least  specialised  forms  the  number  of  the  ridges  in 
the  "  intermediate  "  molars  may  be  as  low  as  five ;  while  those  in 
the  last  true  molar  may  vary  from  seven  in  the  least  specialised  to 
upwards  of  twenty-four  in  the  most  specialised  species.  Finally,  it 
is  only  in  a  few  of  the  more  generalised  species  that  the  "  interme- 
diate "  molars  have  an  isomerous  ridge-formula. 

Like  the  Mastodons,  this  genus  is  divided  into  two  groups, 
according  to  the  structure  of  the  teeth.  In  the  first,  or  Stegodont, 
group,  which  is  entirely  confined  to  the  Eastern  parts  of  the  Old 
World,  the  number  of  ridges  in  the  cheek-teeth  is  comparatively 
low,  and  there  may  be  only  five  or  six  of  such  ridges  in  the  "  inter- 
mediate," and  from  seven  to  eleven  in  the  last  upper  true  molars. 

The  structure  of  the  molars  of  Elephas  Clifti,  from  the  Pliocene  of 
India,  Burma,  and  Japan,  which  is  the  most  generalised  species  of  the 


Fig.  xijg.^EUpkas  Clifti,    The  first  left  upper  true  molar;  from  Burma. 
One-half  natural  size.    (After  Clift.) 

genus,  is  shown  in  fig.  1279  ;  where  it  will  be  seen  that  the  ridges  are  low 
and  roof-like,  and  that  the  cement  is  confined  to  the  bottom  of  the  inter- 
vening valleys.  The  molars  of  this  species  (in  which  premolars  were 
developed),  it  will  be  seen,  are  but  one  step  in  advance  of  those  of  the 
Tetralophodont  Mastodons.     In  other  species  of  this  group,  like  E.  in- 
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sigyu's,  the  ridges  of  the  molars  (fig.  1280^)  become  more  numerous,  and 
somewhat  higher ;  while  the  intervening  valleys  are  more  or  less  com- 
pletely filled  with  cement.     The  number  of  ridges  in  the  cheek-teeth 

of  this  species  may  be  represented  by  the  formula  Mm,  ~        /I    y 


Af. 


/        i/o —  !    /  — -\-     Allied  species  are  E,  bombifrons  and  E. 
(7-10).  (S-12).  (9-13)  ^  ^ 

ganesa^  which  are  found  in  the  Pliocene  of  India  and  the  countries  to  the 

eastward  as  far  as  Japan. 

In  the  second,  or  Elephantine^  group,  the  specialisation  of  the 
molars  becomes  greater;  in  all  the  species  the  ridges  are  so  tall 
that  they  assume  the  appearance  of  plates,  but  there  is  great  varia- 


Fi^.  xaSo. — EUjfha*  insignit.  Vertical  and  longitudinal  section  of  the  third  left  upper  true 
molar ;  from  the  Fliocene  of  the  Siwalik  Hills.  One-third  natural  size,  a,  Cement ;  b^  Enamel ; 
^,  Dentine.    (After  Falconer  and  Cautley.) 

tion  in  respect  to  their  height  and  number ;  those  of  the  less  special- 
ised forms  not  being  more  numerous  than  in  E.  insignis.  The 
cement  always  completely  fills  the  interspaces  between  the  ridges, 
and  in  the  higher  forms  these  interspaces  are  extremely  narrow. 

One  of  the  least  specialised  members  of  this  group  is  Elephas  plani- 
frons,  from  the  Pliocene  of  Northern  India,  of  which  the  section  of  an 
upper  molar  is  represented  in  fig.  1281.  In  the  teeth  of  this  species  the 
number  of  the  ridges  is  nearly  the  same  as  in  E,  insignis;  but,  as  will 
be  seen  from  the  figure,  the  ridges  have  become  much  taller  and  thinner, 
and  the  valleys  are  completely  filled  up  with  cement  It  results  from  this 
structure  that  when  the  crown  of  the  tooth  has  become  well  worn  (as  in 
the  anterior  half  of  fig.  1282),  its  grinding  aspect  will  present  a  nearly  flat 
surface  marked  by  a  series  of  transversely  elongated  raised  disks  of 
enamel,  each  enclosing  an  islet  of  dentine.  This  structure,  which  is  still 
better  exemplified  in  the  more-wom  molar  of  the  closely  allied  E.  meri- 
dianalis  (fig.  1283),  of  the  Upper  Pliocene  of  Tuscany  and  the  Norfolk 
**  Forest-bed,"  is  admirably  adapted  for  the  attrition  of  vegetable  matter 
owing  to  the  inequalities  produced  on  the  surface,  due  to  the  variation  in 

1  In  this  figure,  as  well  as  in  fig.  1 281,  the  tooth  is  turned  the  wrong  way 
upwards. 
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the  density  of  the  different  layers  of  which  the  tooth  is  composed.  The 
enamel-disks  of  both  the  species  under  consideration  are,  when  partially 
worn,  generally  expanded  in  the  middle,  and  are  often  interrupted  in 
their  course  across  the  crown ;  in  the  European  species  the  enamel  itself 
being  thrown  into  a  series  of  fine  plications,  or  crenulations.  Both  E, 
nuridionalis  and  E,  planifrons  attamed  gigantic  dimensions,  the  height 


Fig.  138 1. — Elepkas  plani/rons.  Vertical  and  longitudinal  section  of  the  second  upper  true 
molar  ;  from  the  Pliocene  of  the  Siwalik  Hills.  One-tnird  natural  size.  Letters  as  in  fig'  i3&>< 
(After  Falconer  and  Cautley.) 


of  some  individuals  of  the  former  being  estimated  at  upwards  of  fifteen 
feet,  while  a  fair  average  height  of  males  of  the  existing  Indian  species  is 
not  greater  than  nine  feet  E.  planifrons  is  remarkable  as  being  the 
only  member  of  the  Elephantine  group  in  which  premolars  were  devel- 
oped. Somewhat  more  specialised,  both  in  regard  to  the  height  and 
number  of  the  ridges  of  the  cheek-teeth,  and  also  in  the  elevation  of  the 
vertex  of  the  cranium,  is  E.  hysudricus,  of  the  Pliocene  Siwaliks  of  India, 
which  may  perhaps  have  been  the  ancestor  of  the  existing  species  of 


Fig.  1282. — Grinding  surface  of  upper  molar  of  EUphas  phuufrons^  one*third  natural  sitt ; 
from  the  Pliocene  of  India.    (After  Falconer  and  Cautley.) 

that  country.  In  £".  antiquus^  of  the  Pleistocene  of  Europe,  we  have 
a  species  with  the  ridges  of  the  cheek-teeth  somewhat  more  numerous 
than  in  the  last  form,  although  less  so  than  in  E.  primigenius ;  their 

number  being  represented  by  the  formula  Mm,  <^  "/izoTl^Cn" 
(9-12)  .(12-13).  (15-20)  ^^^ 

(11-12). (12-13). (16-21)  vet/  / 

lively  narrow,  and  there  is  very  generally  (especially  in  the  lower  jaw) 
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median  expansion  of  the  worn  enamel-disks  of  the  ridges,  which  thus 
approach  a  lozenge-shape.  The  range  of  this  species  in  England  does 
not  extend  northwards  of  Yorkshire,  and  it  goes  as  far  south  as  Algeria, 


Fig.  1283. — Upper  molar  of  Elipfuu  nuridiottaiis^  one>third  natural  size ;  from  the 
Upper  Pliocene  of  Tuscany.! 

where  the  allied  E,  atlanticus  is  also  found.  From  the  molars  of  E, 
antiquus  there  is  but  a  step  to  those  of  the  existing  African  Elephant 
(fig.  1285),  in  which  the  enamel-disks  assume  a  still  more  decided  lozenge- 


Fig.  1384. — The  second  right  lower  true  molar  oi  EUphtu  aniiguus;  from  the  Pleistocene 
of  England.    One-third  natural  size. 

shape  ;  and  the  small  E,  mnaidriensis  and  E,  melitensis^  of  the  Pleisto- 
cene cavern  and  fissure-deposits  of  the  Maltese  and  neighbouring  islands, 
are  more  or  less  closely  allied  forms.     The  height  of  the  smallest  indi- 


Fig.  1385.— A  right  upper  true  molar  oX  EUphas  a/ricanus;  Recent.    Africa. 
One-third  natural  size. 

viduals  of  the  last-named,  or  "  Pigmy  Elephant,"  is  estimated  as  not 
greater  than  three  feet.  Another  peculiar  Elephant  is  E,  namadicus, 
60m  the  Pleistocene  of  the  Narbada  Valley,  in  Western  India,  and  Japan, 

^  The  hinder  part  of  this  tooth  is  to  the  left ;  the  position  of  the  preceding 
figure  being  the  reverse. 
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which  is  closely  allied  in  dental  characters  to  E.  antiquus^  although  distin- 
guished by  a  very  prominent  overhanging  ridge  on  the  frontals.  Here 
we  may  also  mention  E,  Columbia  of  the  Pleistocene  of  Central  and 
North  America,  and  E,  armeniacus  from  Armenia ;  the  former  being 
intermediate  in  the  structure  of  its  teeth  between  E,  antiquus  and  E,  indi- 
cus,  and  the  latter  between  E,primigemus  and  E,  indicus.  It  is,  however, 
not  improbable  that  E,  Columbi  is  only  a  variety  of  the  Mammoth.   Lasdy, 


Tvg.  za86.— A  half-worn  third  left  upper  true  molar  of  the  Mammoth  {^EUfktu  ^imgenhu\ 
viewed  from  the  grinding  surface ;  from  the  Pleistocene  of  Europe.    One-third  aaturafsixe. 

we  have  the  Mammoth  {E.  primigeni%is\  in  which  the  number  of  ridges 
in  the  molars  is  represented  by  the  high  figures  Mm,  /^I^\ ' /5lQWQlj2y 

M,  ,      ^\'\        l'\  r    I'    "  The  incisors  are  usually  long,  spiral,  and 
(9-15).  (14-16).  (18-27)  ^       6,    i'      , 

not  very  thick  near  the  alveolus ;  they  are,  however,  subject  to  great 
variation.    The  molars  (fig.  1286)  are  relatively  wide  in  proportion  to 

their  length  ;  their  ridges  are  narrow 
and  closely  packed,  with  the  cement, 
enamel,  and  dentine  very  thin ;  the 
plication  of  the  enamel  is  usually 
slight ;  the  worn  dentine -disks  are 
very  narrow  ;  and  the  crown  is  usually 
characterised  by  the  extreme  flatness 
of  its  wear.  Variations  are  common, 
and  those  molars  in  which  the  ridges 
are  thicker  and  less  numerous,  and 
the  enamel  is  more  plicated,  approach 
very  closely  to  certain  examples  of 
E.  antiquus.  The  existing  Indian 
species  presents  a  close  approach  in 
dental  and  skeletal  structure,  but  the 
molars  are  decidedly  of  a  less  special- 
ised type,  and  thereby  indicate  that 
the  living  species  is  not  a  descendant 
of  the  Mammoth."  This  animal  w-as 
covered  with  a  thick  woolly  coat,  and 
also  with  an  outer  covering  of  long 
hair,  by  which  means  it  was  protected 
from  the  climatal  rigours  of  tne  north- 
erly regions  over  which  it  once  roamed.  Remains  of  the  Mammoth  have 
been  found  in  Northern  Europe,  Asia,  and  America  ;  and  in  the  frozen 
soil  of  the  banks  of  the  Sibenan  rivers  numerous  carcasses  have  been 


Fig.  Z387. — Lateral  view  of  a  half-worn 
upper  true  molar  of  the  Mammoth.  About 
one-third  natural  size. 
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found  with  the  dried  flesh,  skin,  and  hair  preserved;  the  skeleton  of 
one  of  these  specimens,  with  portions  of  the  skin  still  adhering  to  it, 
being  preserved  in  the  Museum  at  St  Petersburg  (fig.  1288).  The 
Mammoth  was  essentially  northern  in  its  distribution,  apparently  not 
passing  southwards  of  a  line  drawn  through  the  Pyrenees,  Alps,  the 


northern  shores  of  the  Caspian,  Lake  Baikal,  Kamschatka,  and  the 
Stanovi  Mountains.  Its  remains  occur  in  the  Norfolk  "Forest-bed," 
and  from  this  date  the  species  existed  right  through  the  glacial  epoch, 
and  was  well  known  to  the  primitive  human  inhabitants  of  Northern 
Europe,  as  is  testified  by  its  portrait  drawn  on  a  fragment  of  its  own 
tusk  by  one  of  these  early  hunters. 
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Finally,  it  should  be  mentioned  that  a  portion  of  a  tusk  of  a 
Proboscickan,  said  to  have  been  obtained  from  the  Pleistocene  of 
Australia,  lias  been  described  as  Notelephas,  There  are,  however, 
no  characters  in  this  specimen  to  indicate  its  right  to  generic  dis- 
tinction, and  its  reputed  origin  must  be  looked  upon  with  great 
suspicion. 

Group  Tillodontia. — Here  may  be  noticed  a  remarkable  group 
of  Mammals  from  the  Lower  Eocene,  of  which  the  position  is  still 
unsettled.  They  are  regarded  by  Professor  Marsh  as  constituting  a 
distinct  order;  while  Professor  Cope  subdivides  them  into  Tillo- 
dontia and  Taeniodontia,  and  includes  them  in  his  order  Buno- 
theria.  A  suggestion  has  also  been  made  of  affinity  with  the  Eden- 
tates. These  Mammals,  as  will  be  gathered  from  the  characters 
mentioned  below,  present  certain  characters  common  to  the  Ungu- 
lata,  Rodentia,  and  Camivora,  but  to  include  them  in  either  one  of 
those  orders  would  render  it  impossible  to  give  anything  approach- 
ing to  a  definition  of  the  order  so  enriched.  Putting  aside  the 
suggestion  of  Edentate  affinities  as  requiring  further  evidence,  the 
characters  presented  by  the  Tillodonts  harmonise  with  the  view 
that  both  the  Ungulates  and  Rodents  have  been  derived  from  a 
primitive  Carnivorous  stock. 

Family  ANCHiPPODONTiDiE. — The  genus  Anchippodus  {Trogosus\ 
with  which  Tillotherium  (fig.  1289)  is  closely  allied  or  identical,  is 


Fig.  1289. — Left  lateral  aspect  of  the  skull  of  TiUothtnum/odiens;  from  the  Lower  Eocene 
of  North  America.    One-fourth  natural  size.    (After  Marsh.) 

from  the  Lower  Eocene  of  North  America,  and  apparently  has  the 

dental  formula  /.  - ,  C,  -,  Pm,  ^,  M.  -.      The   lower  cheek-teeth 
21  4         3 
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resemble  those  of  Palaotherium^  but  the  upper  true  molars  are  of 
the  triangular  tritubercular  type.  The  first  pair  of  iqjpisors  is 
small,  but  the  second  is  large  and  scalpriform,  with  persistent 
pulps  like  the  incisors  of  the  Rodents.  In  many  respects  the 
skeleton  approximates  to  that  of  the  Creodonta ;  the  femur  has  a 
third  trochanter ;  the  feet  were  five-toed,  with  the  whole  sole  applied 
to  the  ground,  and  having  ungual  phalanges  similar  to  those  of  the 
Bears.  The  brain-cavity  is  of  small  size,  and  the  cerebral  hemi- 
spheres did  not  extend  over  the  cerebellum  or  the  olfactory  lobes. 
The  orbits  are  not  complete,  but  open  into  the  temporal  fossae. 
Clavicles  were  probably  present. 

Family  PLAXYCHCEROPiDiE. — The  tjrpe  genus  of  this  family  is 
Platycharops  {Miolophus\  from   the  London   Clay,   to  which  the 


Fig.  xv^—Estkonyx  BHrmeutert.—TYi^  palate  and  mandible ;  from  the  Wasatch  Eocene  of 
Wyoming,  U.S.  A.  Two-thirds  natural  size,  a,  Lateral  view  of  part  of  cranium  and  mandible ; 
bt  Oral  view  of  right  half  of  palate ;  c,  Oral  view  of  mandible.    (After  Cope.) 

North  American  Esthonyx  {^g,  1290)  appears  to  be  allied.  In  the 
latter  the  first  upper  and  the  second  lower  incisors  are  scalpriform, 
but  do  not  grow  from  persistent   pulps ;   the   dental  formula  is 

/.  \  C.  -,  Fm,  -,  M  -     If  Esthonyx  be  not  allied  to  Platychce- 

3133 
rops^  the  former  must  constitute  the  type  of  a  family,  which  should 
be  known  as  the   EsthonyMda.     The    genus  Psittacotherium^  of 
which  the  family  position  is  uncertain,  has  the  mandible  of  great 
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depth,  and  the  lower  molars  with  transverse  ridges ;  both  the  fint 
and  second  lower  incisors  being  scalpriform,  and  growing  from 
persistent  pulps;  and  the  genus  may  be  regarded  as  connecting 
Anchippodus  with  Calamodon,  The  lower  dental  formula  appears 
to  be  /  2,  C.  I,  Pm,  $,  M,  ^;  and  two  species  are  known  from 
the  Puerco,  or  lowest,  Eocene  of  New  Mexico. 

Family  CALAMODONXiDiE. — In  Calamodon^  the  type  genus  of 
this  family  (the  Tseniodontia  of  Professor  Cope),  the  lower  jaw 
resembles  that  of  Psittacotherium ;  there  are  three  lower  incisors, 
of  which  the  second  and  third  are  scalpriform,  and  have  their 
anterior  surfaces  faced  with  enamel ;  and  the  cheek-teeth  are  five 
in  number,  but  cannot  be  differentiated  into  premolars  and  true 
molars.  There  is  no  diastema,  and  the  cheek-teeth  approximate 
to  those  of  the  Rodents  in  their  massive  squared  crowns,  and  have 
also  been  considered  to  show  resemblances  to  those  of  the  Eden- 
tates. The  second  lower  incisor  is  much  larger  than  either  of  the 
others,  and  the  mandibular  condyle  is  transversely  elongated.  Pro- 
fessor Cope,  as  will  be  noticed  below,  regards  this  group,  and  more 
especially  Psittacotherium^  as  close  to  the  ancestral  types  of  the 
Rodentia,  and  has  also  suggested  their  alliance  to  the  ancestors 
of  the  Edentates;  Calamodon  is  from  the  Wasatch  or  Middle 
Eocene. 

Family  STVLiNODONTiDiE. — Professor  Marsh  has  proposed  this 
family  name  for  the  North  American  Tertiary  genus  Stylinoion^ 
in  which  the  molars  grew  from  persistent  pulps  like  those  of  the 
Edentates. 
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CHAPTER    LXII. 

CLASS    MAMMALIA— continued. 

Orders  Rodentia  and  Carnivora. 

Order  VII.  Rodentia. — The  Rodents  form  one  of  the  best-defined 
orders  of  the  whole  class,  and  are  readily  characterised  by  the  ab- 
sence of  canines,  and  their  chisel-like  (scalpriform)  incisors  (of 
which  there  is  only  a  single  lower  pair),  separated  by  a  long 
diastema  from  the  cheek-teeth  (fig.  1298),  and  of  which  generally 
only  the  anterior  face  is  coated  with  enamel.  The  dentition  is 
diphyodont  and  heterodont ;  the  incisors  grow  from  persistent 
pulps,  and  the  cheek-teeth  may  be  either  rooted  or  rootless.  The 
crowns  of  the  latter  are  entirely  adapted  for  grinding,  and  are  very 
frequently  (fig.   1292)  complicated  by  deep  infoldings  of  enamel. 

I         o 
The  premolars  are  very  generally  either  -  or  -,  and  the  true  molars 

--.     The  premaxillse  are  large ;  the  zygomatic  arch  is  complete,  the 

middle  portion  being  generally  formed  by  the  jugal ;  the  orbit  is 
confluent  with  the  temporal  fossa ;  there  is  a  long  diastema ;  and 
the  condyle  of  the  mandible  is  antero-posteriorly  elongated,  and, 
through  the  absence  of  a  postglenoid  process  in  the  cranium, 
capable  of  a  backwards  and  forwards  motion.  The  feet  are 
generally  partially  or  entirely  plantigrade,  and  usually  furnished 
with  five  unguiculate  digits.  More  or  less  complete  clavicles  are 
present,  and  the  acromion  of  the  scapula  frequently  has  a  long 
recurving  process.  All  the  existing  forms  are  of  comparatively 
small  size,  and  most  of  them  are  of  terrestrial  habits.  The  feature 
of  hypsodontism,  which  we  have  already  noticed  under  the  head  of 
the  Ungulata,  attains  its  greatest  development  in  this  order ;  its  final 
stage  being  the  production  of  rootless  cheek-teeth. 

That  the  Rodents  are  connected  in  some  manner  with  the  more 
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generalised  Ungulates  is  quite  evident ;  and  Professor  Cope  would 
derive  them  from  Tillodontia,  allied  to  Calamodon  and  Psittaoh 
theriuniy  and  accordingly  considers  that  their  lower  incisors  and  the 
corresponding  upper  ones  represent  the  second  of  the  three  typical 
pairs.  This  view  is,  however,  not  supported  by  the  dentition  of 
the  young  of  the  Leportdce.  The  Leporida  show  certain  points  of 
resemblance  to  Typotheriutn  among  the  Toxodontia ;  while  in  the 
entire  order  distant  affinities  are  indicated  to  the  Proboscidea,  as  is 
shown  by  the  characters  of  the  teeth,  the  acromion  of  the  scapula, 
and  the  position  of  the  jugal.^ 

This  order  is  well  known  from  the  period  of  the  Upper  Eocene 
(Oligocene),  while  Decticadapis  apparently  carries  it  back  to  the 
commencement  of  the  Tertiary.  It  has  not  suffered  very  greatly 
by  the  extinction  of  family  types  at  the  present  day,  although  aU 
the  gigantic  forms  have  completely  disappeared. 

Suborder  i.  Duplicidentata. — ^This  suborder  is  characterised 

by  the  number  of  the  incisors,  which  in  the  adult  are  - ,  but  at  birth 

3.  The  outer  pair  of  upper  incisors  is  very  soon  lost,  the  second 
I 

pair  being  of  small  size,  and  placed  directly  behind  the  large  first 

pair.     The  incisive  palatal  foramina  are  large  and  confluent ;  the 

fibula  is  anchylosed  to  the  tibia,  and  articulates  with  the  calcaneum. 

The  enamel-coat  of  the  incisors  is  not  entirely  confined  to  their 

anterior  surface. 

Family  LEPORiDiE. — In  this  family  the  number  of  cheek-teeth  is 

Pm,  "5,  M.  ^- ;  these  teeth  being  rootless,  with  transverse  enamel- 

2  3 

folds.  The  clavicles  are  imperfect,  and  the  fore  limbs  shorter  than 
the  hind  ones.  This  family  includes  at  the  present  day  only  the 
cosmopolitan  genus  Lepus^  comprising  the  Hares  and  Rabbits. 
Existing  species  of  that  genus  have  left  their  remains  in  the  caves 
of  Europe  and  Brazil ;  while  extinct  ones  are  found  in  the  Upper 
Pliocene  of  France  (Z.  Lacosti),  in  the  Siwaliks  of  India,  and  in  the 
John  Day  Miocene  of  North  America.  Palaolagus  from  the  Mio- 
cene of  the  latter  country  is  closely  allied  to  Lepus ;  while  Panolax 
from  equivalent  strata  in  New  Mexico  has  only  a  single  plate  in  the 
first  upper  true  molar. 

^  The  Rodents  differ  from  the  Proboscidea  in  having  a  discoidal  in  place  of  a 
zonary  placenta ;  but  it  has  recently  been  found  that  in  the  Mouse  there  are 
traces  of  this  discoidal  placenta  having  been  derived  from  an  earlier  zonary  one. 
The  zonary  placenta  of  the  Proboscidea  is  evidently  a  specialisation  of  the  diffused 
placenta  of  the  other  Ungulates;  and  we  can  now  see  how  a  further  specialisation 
of  the  zonary  placenta  results  in  the  discoidal  one  of  the  Rodents,  Insectivores^ 
and  Primates. 
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Family  LAOOMYiDiE. — This  family  includes  very  small  Hare-like 
Rodents,  with  short  ears,  complete  clavicles,  and  the  fore  limbs  not 
shorter  than  the  hinder.  They  are  very  char- 
acteristic of  the  mountains  of  Central  and 
Northern  Asia,  but  also  occur  in  those  of 
Europe  and  North  America.  Their  cheek- 
teeth resemble  those  of  Lepus^  but  the  pre- 

Fig.  1201.  — Left  ramus  of 

molars  are  never  more  than  -,  and  maybe   '^  iZ^  iu^ii^f; 

2  from  the  Lower  Miocene  ot 

reduced  to    _.  Those  extinct  forms  in  which    E""'?*- 

the    premolars  are  -*  have  been  separated  from  the  existing  genus 

Lagotnys  as  Myolagus^  and  those  with  only  Pm,  -  as  Titanomys^  but 

I 

it  appears  preferable  to  include  all  these  variations  in  the  type  genus. 
The  Pleistocene  of  Europe  contains  remains  of  some  existing  and 
some  extinct  (Z.  sardus)  species,  and  the  genus  is  well  represented 
in  the  Tertiaries  of  the  Continent  as  far  down  as  the  Lower  Miocene 
(Upper  Oligocene) ;  the  species  of  the  latter  horizon  being  Z.  visena- 
viensis  (fig.  1 291),  the  type  of  Titanomys.  Fossil  remains  of  this 
genus  have  also  been  found  in  the  Pleistocene  cave-deposits  of  Port 
Kennedy  in  the  United  States. 

Suborder  2.  Simplicidentata. — The  incisors  are  always  \  and 

I 

have  the  enamel  confined  to  their  anterior  surface.  The  incisive 
foramina  on  the  palate  are  of  moderate  size ;  and  the  fibula  does 
not  articulate  with  the  calcaneum. 

Family  CAViiDiE. — This  and  the  following  five  families  compose 
the  section  Hystricomorpha,  The  Caviida^  which  are  now  exclu- 
sively confined  to  America,  have  four  anterior  and  three  posterior 
digits,  and  in  the  existing  genera  the  crowns  of  the  molars  are 
divided   by  enamel-folds   into   transverse   lobes;    the   number  of 

the  cheek-teeth  being  Pm,  -,  M,  ?.      Cavia^  in  which  the  tail  is 

absent,  is  represented  by  remains  of  several  existing  species  in  the 
Pleistocene  of  the  Brazilian  caves;  while  Contracavia  is  a  much 
larger  extinct  type  from  the  infra-Pampean  of  South  America. 
Microcavia^  again,  from  the  Pleistocene  of  Argentina,  presents  char- 
acters connecting  it  with  Cavia  and  the  following  genus.  DoHchoHs 
(or  Cerodon),  in  which  there  is  a  short  tail,  is  also  represented  in  the 
South  American  Pleistocene ;  two  species  being  extinct,  while  the 
third  {D.  antiqud)  may  be  identical  with  the  living  form.  Here 
may  be  provisionally  placed  the  genera  Isstodoromys  and  Nesocerodon 
from  the  Quercy  Phosphorites  and  Lower  Miocene  of  France,  which 
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are  regarded  by  recent  authorities  as  related  to  Dolichotis^  although 
formerly  placed  in  the  Theridomyida.  The  crowns  of  their  molars 
are  vertically  divided  by  enamel-folds  into  two  heart-shaped  lobes. 
Hydrochocharus — ^the  largest  living  Rodent — is  represented  in  the 
Brazilian  cave-deposits  by  a  species  probably  identical  with  the 
living  Capybara,  and  also  in  the  Pleistocene  of  Buenos  Ayres  by  an 
extinct  one  estimated  to  have  attained  a  length  of  five  feet,  and  by 
a  third  {H,  magnus)  of  still  larger  dimensions.  An  extinct  species 
has  also  been  obtained  from  the  Pleistocene  of  South  Carolina ; 
and  another  from  the  infra-Pampean  deposits  of  Parana.  From  the 
latter  deposits  other  forms  supposed  to  be  more  or  less  nearly 
allied  to  the  existing  genus  have  received  the  names  Cardiathtrium^ 
Procardiatherium^  Cardiomys^  and  Cardiodon  ;  the  latter  name  had, 
however,  been  previously  applied  to  a  Sauropodous  Dinosaur,^  and 
is  therefore  inadmissible. 

Family  DASYPROCXiDiE. — In  this  South  and  Central  American 
family  the  number  of  the  cheek-teeth  is  the  same  as  in  the  last ; 

and  these  teeth  are  also  semi- 
rooted,  but  their  crowns  have 
external  and  internal  enamel- 
folds  (fig.  1292);  and  the  in- 
cisors are  long.  The  type 
genus  Dasyprocta  is  repre- 
sented by  numerous  forms  in 
the  Pleistocene  of  the  Brazilian 
caves ;  while  a  Cctlogenys  oc- 
curring in  the  same  deposits 
is  probably  identical  with  the 
living  Paca  (C  paca). 

Family  ChinchillidvE.— 
This  third  family  of  American 
Rodents  has  the  same  dental 
formula  as  the  last,  but  the 
molars  have  continuous  en- 
amel -  folds  extending  com- 
pletely across  their  crowns,  and  the  hind  limbs  are  much  elongated 
The  genus  Lagostomus  is  represented  in  the  South  American  Pleisto- 
cene by  the  existing  Vischaca  (Z.  trichodactylus\  as  well  as  by  some 
extinct  forms.  Megamys  from  the  infra-Pampean  deposits  of  Pata- 
gonia and  Parana  is  the  largest  representative  of  the  order  yet 
known  ;  its  bulk  being  estimated  as  equal  to  that  of  an  Ox.  Several 
species  have  been  described,  one  of  which  is  the  type  of  Pota- 
marchus  of  Dr  Burmeister.    Allied  genera  from  the  South  American 


Fig.  1992.— Palatal  view  of  the  right  upper  and 
lovrer  dentition  of  Deuyprocta.  Recent.  America. 
The  tooth  in  each  jaw  on  the  right  side  of  the  figure 
is  the  premolar. 


^  Seepage  1177. 
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deposits  are  Epihlema  and  Tetrastylus ;  one  species  of  the  latter 
having  been  originally  referred  to  Theridomys, 

Family  Hystricida. — The  Porcupines  are  well  characterised  by 
their  spiny  covering.  The  number  of  their  cheek-teeth  is  the  same 
as  in  the  preceding  families ;  and  these  teeth  have  both  external 
and  internal  enamel-folds.  An  extinct  species  of  the  American 
genus  Synatheres  occurs  in  the  Pleistocene  of  the  Brazilian  caves, 
while  a  species  of  the  other  American  genus  EritJUzon  is  recorded 
from  cave-deposits  in  Pennsylvania,  Atherura  is  found  in  the 
Pleistocene  of  Southern  India.  Hystrix  occurs  in  the  Pleistocene 
and  Pliocene  of  India;  in  Europe  from  the  Upper  Pliocene  of  the  Val 
d'Amo  down  to  the  Middle  Miocene,  and  perhaps  to  the  Quercy 
Phosphorites ;  while  in  North  America  it  is  represented  both  in  the 
Pliocene  and  the  White  River  Miocene.  Finally,  Mylagaulus  from 
the  Miocene  of  the  United  States  may  be  allied  either  to  Hystrix  or 
Dasyprocta  (Agouti). 

Family  CASTOROiDiDiE. — The  gigantic  Castoraides^  of  the  Pleis- 
tocene of  the  United  States,  is  now  generally  regarded  as  entitled  to 
represent  a  distinct  family  although  originally  placed  in  the  Cos- 
torida.  Although  presenting  certain  cranial  features  recalling  Castor^ 
its  dentition  comes  nearest  to  that  of  Chinchilla  and  Hydrochctrus. 
The  extinct  genera  Loxomylus  and  Amblyrhiza^  from  the  Pleistocene 
of  the  Antilles,  may  probably  be  included  in  the  same  family ;  their 
dentition  presenting  many  resemblances  to  that  of  Chinchilla,  Cas- 
toroides  must  have  attained  the  dimensions  of  a  Bear. 

Family  Octodontid-«. — With  the  exception  of  Ctenodactylus  the 
number  of  the  cheek-teeth  in  this  Ethiopian  and  South  Ainerican 
family^  is  the  same  as  in  the  Hystricidce ;  these  teeth  having  both  ex- 
ternal and  internal  enamel-folds,  with  either  imperfect  or  perfect  roots. 
In  the  South  American  Pleistocene  we  meet  with  existing  and  a  few 
extinct  species  of  the  genus  Carterodon,  which  is  characterised  by 
the  broad  and  grooved  incisors,  and  also  of  Myopotamus  (Cojrpu), 
Ec?unomySy  LonchereSy  PhyllomySy  and  Ctenomys,  Other  forms  from 
the  South  American  Tertiaries  allied  to  the  latter  have  been  named 
Phlc^amys  and  Pithanotomys ;  while  Morenia  and  Orthomys^  from 
the  infia-Pampean  beds  of  Parana,  and  Tribadony  from  Monte  Her- 
mosa,  are  regarded  as  related  to  Myopotamus.  The  extinct  Pelle- 
griniay  from  the  Sicilian  Pleistocene,  may  be  allied  both  to  the 
Ethiopian  Ctenodactylus  and  the  American  Octodon, 

Family  THERiDOMYiDiE. — ^This  extinct  family  appears  to  be  most 
nearly  related  to  the  preceding  although  connected  by  Archceomys 

I  3 

with  the  Chinchillida,    The  cheek-teeth  number  Pm.  -,  M.  --.      In 

I  3 

1  One  species  of  Echinamys  occurs  in  Central  America. 
VOL.  IL  2  L 


Digitized  by  LjOOQ  IC 


I4I6 


CLASS  MAMMALIA. 


Fig.  Z393. — A,  Left  lower  cheek-teeth  of 
ArcHacmys;  b,  Left  upper  cheek-teeth  of 
Theridomyt;  c,  Left  lower  cheek-teeth  of 
Chalicomyt.  A  and  B  enlarged.  In  B  the 
uppermost,  and  in  a  and  c  the  lowest,  tooth  is 
the  premolar. 


Theridomys  (fig.  1293,  b)  they  are  rooted,  and  have  three  or 
four   re-entering   enamel-folds,  which   fomi  isolated  disks  on  the 

worn  crowns.    This  genus  occurs 
~  in  the  Lower  Miocene  and  Upper 

Eocene  of  Europe;  while  Syl- 
lophodus  of  the  North  American 
Miocene  is  closely  allied  Prot- 
echinomys  of  the  Lower  Miocene 
and  Upper  Eocene  of  France  has 
rooted  cheek-teeth  with  crowns 
very  like  those  of  Theridomys 
and  the  living  Echinomys  {Octo- 
dontida) ;  while  Archaomys  of 
the  same  deposits  has  the  teeth 
devoid  of  roots,  with  their  en- 
amel-folds continuing  across  the 
crown,  and  dividing  it  into 
laminae  (fig.  1293,  a).  Trechomys 
is  a  fourth  allied  genus  from  the 
Quercy  Phosphorites,  having  cheek-teeth  somewhat  like  those  of 
Theridomys^  but  with  laterally-compressed  crowns. 

Family  DiPODiDiE. — This  and  the  four  following  families  are 
embraced  in  the  section  Myomorpha,  In  the  Dipodida  (Jerboas) 
remains  of  the  existing  Alactaga  jaculus  occur  in  the  Pleistocene  of 
Europe,  and  those  of  Zapus  {Jaculus)  hudsonianus  in  the  correspond- 
ing beds  of  North  America ;  while  a  species  of  Platycercomys  has 
been  recorded  from  the  Pleistocene  of  Northern  Asia.  The  socalled 
Dipoides  of  the  Tertiary  of  Wiirtemberg  is  probably  a  Chalicomys. 
Family  GEOMYiDiE. — The  American  Pouched-Rats,  in  which  the 
I  3 

cheek-teeth  are  Fm.  -,  M,  -,  are  represented  by  species  of  the  tj-pe 

genus  Geomys  in  the  Pleistocene  and  Pliocene  of  North  America, 
and  also  by  one  existing  species  of  Thomomys  in  the  Pliocene  of 
Oregon.  In  the  Miocene  of  the  United  States  two  extinct  genera 
are  also  met  with,  of  which  Entoptychus  is  allied  to  Thomomys^  and 
has  rootless  molars  and  broad  incisors ;  while  Pleurolichus  has  rooted 
molars  and  the  incisors  without  grooves,  like  those  of  the  allied 
existing  genus  Heteromys, 

Family  SPALACiDyE. — This  Old  World  family  comprises  burrow- 
ing Rodents,  with  large  incisors,  and  rooted  molars  having  re-enter- 
ing enamel-folds.  The  only  fossil  representative  is  a  Rhizomys^ 
from  the  Siwalik  Hills  of  India,  which  appears  to  be  closely  allied 
to  the  living  forms ;  all  of  which  are  characterised  by  the  absence  of 
premolars. 

Family  MuRiDiE. — The  Murida  form  by  far  the  largest  femily 
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of  the  order,  and  are  mainly  characterised  by  certain  peculiar  features 
of  the  skull.  With  the  exception  of  Sminthus^  premolars  are  want- 
ing ;  and  the  true  molars,  except  in  the  Australian  Hydromys  and 

2  x 

Xeromys^  where  they  are  reduced  to  -,  are  -  in  number;  while 

2  3 

the  lower  incisors  are  laterally  compressed.  The  molars  may  be 
rooted  or  rootless,  and  either  brachydont  and  tuberculate,  or  hypso- 
dont  with  re-entering  enamel-folds.  This  family  may  be  divided 
into  several  subfamilies.  Of  these  the  Cricetina  have  the  cusps  of 
the  upper  molars  arranged  in  two  longitudinal  series ;  these  teeth 
being  either  rooted  or  rootless.  This  subfamily,  which  is  now  the 
dominant  one  in  America,  but  was  formerly  largely  developed  in 
the  Old  World,  where  it  is  still  found,  appears  to  represent  the 
archaic  or  generalised  type  of  the  family.  In  the  Voles,  or  the 
more  specialised  Cricetines,  the  cusps  of  the  molars  have  become 
modified  into  triangular  prisms  alternately  arranged  (fig.  1294),  and 


Fig.  T 994. —The  left  upper  and  lower  molars  of  the  Water- Vole  {Arvicola  an^kUnus\. 

Enlarged. 

the  roots  are  generally  not  developed,  so  that  the  crowns  are  hjrpso- 
dont  SiphneuSy  which  connects  this  family  with  the  preceding,  is 
found  at  the  present  day  in  Central  Asia,  and  is  represented  by  a 
living  species  in  the  Pleistocene  of  the  Altai,  and  by  another,  which 
is  extinct,  in  the  Pliocene  of  Northern  China.  O^Arvicoia  (Microtus^\ 
and  Lemmus  (including  Cuniculus\  there  are  numerous  species  in 
the  Pleistocene  of  Europe,  some  of  which  are  identical  with  living 
forms,  while  others  are  extinct ;  the  former  genus  being  also  repre- 
sented in  the  Forest-bed  and  the  Coralline  Crag.  The  allied  Fiber^ 
of  North  America,  occurs  also  in  the  Pleistocene  of  the  same 
country.     In  the  tjrpical  or  less  specialised  forms,  the  molars  usually 

^  This  name,  as  being  earlier  than  Arvicola^  is  adopted  by  several  recent 
writers. 
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have  simple  cusps,  and  are  rooted  PaciculuSy  from  the  Miocene  of 
the  United  States,  is  allied  to  the  next  genus,  but  has  enamel-folds 
to  the  molars.  Neotoma  is  represented  by  a  species  in  the  Pleisto- 
cene of  the  Pennsylvanian  caves,  which  is  perhaps  not  distinct  from 
the  living  Florida-Rat  The  genus  Cricetus,  typically  represented 
by  the  European  Hamsters,  is  taken  by  Mr  O.  Thomas  to  include 
the  American  Hesperomys,  It  is  represented  sparingly  in  the  Pleis- 
tocene of  Europe ;  but  it  is  probable  that  Cricetodon  {DecHcus\ 
which  ranges  from  the  Quercy  Phosphorites  to  the  Middle  Miocene 
of  France,  cannot  be  generically  separated.  In  America  fossil  forms 
occur  abundantly  in  the  Brazilian  cave-deposits,  where  they  have 
been  described  as  Hesperomys ;  and  it  is  probable  that  we  must 
include  in  the  same  large  genus  {Cricetus)  the  so-called  Eumys  of 
the  Miocene  of  North  America.  The  subfamily  Deomyina  is  only 
known  by  Deomys^  of  the  Congo  Valley,  which  has  upper  molars 
intermediate  in  structure  between  those  of  the  preceding  and  follow- 
ing subfamilies.  The  Murina^  or  more  specialised  Mice,  are  mainly 
characteristic  of  the  Old  World,  and  do  not  date  back  far  in  time. 
Their  upper  molars  have  the  cusps  or  tubercles  arranged  in  three 
longitudinal  rows  and  well-developed  roots.  Mus,  or  the  closely 
allied  Acomys^  is  first  known  from  the  Pliocene  Pikermi  beds,  and 
thence  is  found  through  the  Pleistocene  of  Europe.  The  Australian 
genera  Hapalotis  and  Mastacomys  are  represented  by  existing  species 
in  the  cave-deposits  of  that  country.  The  Indian  Phlaomyina^  hav- 
ing broad  upper  incisors,  and  rooted  molars 
with  transverse  laminae,  are  represented  in 
the  Pleistocene  of  Madras  by  two  species  of 
Nesocia  identical  with  those  now  inhabiting 
the  same  area.  The  Gtrbillitut  also  have 
laminated  molars  (fig.  1295),  but  the  upper 
incisors  are  narrow  and  the  hind  limbs 
elongated.  The  existing  Gerbillus  indicus 
ofSla:SJiwe?and^he™S  o^^urs  fossil  in  the  Madras  caves.  The 
molars  (enlarged)  of  c#r*/-g«tf    last   molar  in   both   the   upper  and  lower 

ttuitctu  I  from  a  cave  to  Ma-  * '^ 

dras.  jaws  of  this  genus  has  only  a  single  trans- 

verse lamina,  as  shown  in  the  figure. 
Lastly  the  Sminthina^  in  which  there  is  a  premolar  in  the  upper 
jaw,  are  represented  by  the  existing  Sminthus  vagans  in  the  Pleisto- 
cene of  Europe. 

Family  MvoxiDiE. — In  the  Dormice  the  number  of  the  cheek- 

teeth  is  Pm.  -,  M.  -\  these  being  rooted,  with  complex  enamel- 
folds.  For  palaeontological  purposes  all  the  forms  may  be  included 
in  MyoocuSy  which  commences  in  the  Paris  gypsum  and  Quercy 
Phosphorites,  and  is  represented  in  the  Pleistocene  of  Malta  by  a 
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species  of  the  size  of  the  Guinea-pig.     The  so-called  Brachymys  of 
the  German  Miocene  appears  to  be  generically  the  same. 

As  Myomorpha,  of  which  the  affinities  are  uncertain,  may  be 
mentioned  Heliscomys^  of  the  North  American  Miocene,  in  which 
there  are  four  lower  cheek-teeth,  and  the  lower  incisors  are  com- 
pressed and  grooved ;  and  Eomys  (or  Omegodon),  from  the  Quercy 

Phosphorites,  in  which  the  cheek-teeth  are  Pm,  -,  M.  -.     Colonomys^ 

from  the  North  American  Miocene,  also  belongs  to  this  section. 
Family  CAsroRiDiE. — With  this  family   we   enter   the   Sciuro- 


Fig.  1296. — Palatal  aspect  of  the  right  ui>per  and  lower  cheek-teeth  of  the  Beaver  {.Castor 
Jiher),    The  tooth  on  the  right  of  each  figure  is  the  premolar. 


The  Beavers 


1296). 


morpha,  which  includes  all  the  remaining  Rodents. 

are  natatorial  Rodents,  with  Pm,  -,  M.  - ;  the  cheek-teeth  being 

I  3 

semi-rooted  or  rootless,  with  re-entering  enamel-folds  (fig. 
Castor  is  represented  by  the  exist- 
ing Beaver  in  the  European  Pleis- 
tocene, and  by  an  allied  form  in 
the  Pliocene  of  the  Auvergne; 
and  also  occurs  in  the  Miocene 
of  North  America,  where  it  has 
been  named  Eucastor.  There 
has  been  great  dispute  as  to  the 
affinities  of  the  great  extinct 
Beaver  (fig.  1297)  of  the  Nor- 
folk    Forest-bed    and    Norwich 

Crag,  but  it  is  regarded  by  Mr  Newton  as  identical  with  both  Tro 
gqntherium  of  the  Russian,  and  Diobroticus  of  the  French  Pleisto- 


Fig.  1397. — Right  ramus  of  the  mandible  of 
Trttg^tktrittm  Cuvieri;^  from  the  Forest- 
bed.    One-fourth  natural  size.    (AAer  Owen.) 
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cene.  An  allied  genus  is  Chalicomys  {Sieneofiher),  in  which  the 
humerus  has  a  foramen,  and  the  molars  (fig.  1293,  c)  are  more  dis- 
tinctly rooted,  with  shallower  enamel-folds ;  it  occurs  in  Europe  in 
the  Middle  and  Lower  Miocene,  and  also  in  the  Miocene  of  North 
America;  Palaocastor  from  the  latter  deposits  being  apparently 
closely  allied. 

Family   IscHYROMYiDiG. — Ischyromys  (with   which    TiUomys  is 
apparently  identical)  is  a  North  American  Miocene   genus  with 

2  \ 

Pm.  -^  M,^\   having  dental  characters  of  the  Sdurida.  but  other- 

1  3 

wise  resembling  the  Hystridda  and  Caviida^  and  thus  indicating 
that  the  sections  into  which  the  existing  Rodents  are  divided  will 
not  hold  good  for  all  the  fossil  forms.  Pseudotomus  from  the  White 
River  Miocene  is  an  allied  form ;  while  Sduromys  of  the  Quercy 
Phosphorites  is  probably  also  related.  Mysops  of  the  North  Ameri- 
can Eocene,  according  to  Dr  Schlosser,  may  be  the  same  as  Ischy- 
romys,    Gymnoptychus  (p.  142 1)  may  also  be  allied. 

Family  Sci6rid-«. — In  this  family  the  cheek-teeth  are  usually 

2  t 

Pm,  — ,  J/!  - ,  but  in  Sdurus  the  first  upper  premolar  is  often  absent 

I  3 

The  molars  are  rooted,  and,  with  the  exception  of  Eupetaurus  of 
Kashmir,  are  brachydont;  those  of  the  upper  jaw  usually  having 
triangular  or  squared  crowns,  with  two  or  more  shallow  infolds  of 


Fig.  1098. — Side  view  of  the  skull  of  Cynomys  LndovicUana, 

enamel  from  the  outer  side  (fig.  1299).  The  Marmots  and  their 
allies  (fig.  1298)  have  uncompressed  incisors ;  and  the  type  genus 
Arctomys  is  represented  by  the  existing  A,  marmotta  (fig.  1299)  in 
the  Pleistocene  of  Europe,  and  by  another  species  in  that  of 
North  America.  Plesiarctomys  (with  which  Sa'uratms,  Marsh,  and 
ParamySy  Leidy,  are  identical)  occurs  in  the  Middle  Tertiaries  of 
both  Europe  and  the  United  States,  and  connects  Arctomys  ^m^ 
Sdurus,     SpermophiluSy  or  the  Sousliks,  has  both  living  and  extinct 
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species  in  the  Pleistocene  of  Europe;  while  the  allied  Plesisper- 
mophilus  has  been  described  from  the  Quercy  Phosphorites. 
Among  the  Squirrels,  of  which  the  living  genera  have  compressed 
incisors,  Sciurus  itself  ranges  down  to  the  Quercy  Phosphorites  in 
Europe,  and  in  North  America  occurs  in  the  White  River  Mio- 
cene ;  the  common  existing  S.  vul- 
garis being  found  in  the  Norfolk 
Forest-bed.  The  recent  northern 
genus  Tamias  occurs  in  the  Pleis- 
tocene of  Europe  and  Nebraska; 
while  Pseudosdurus  and  Sduroides 
are  allied  extinct  genera  from  the 
Upper  Eocene  of  the  Continent,  in 
both  of  which  the  molars  are  more 
elongated  than  in  Sciurus.     Gym- 

J  'i  Fig.    JM9.  — Palatal  view  of  the  right 

noptychus,  with  Pm.  -,  M.  ^  from     ^^^.':'J^^^^:^^%^'^^ 

.  rxTi-A  •  tocenc,  Europe.    The  two  teeth  on  the  right 

the     Miocene    of    North     America,       side  of  the  upper  figure  are  the  premolars. 

has    more    complex    molars,    and 

thereby  approaches  Pteromys ;  while  Meniscomys  (with  which  Alio- 

mys  is  apparently  identical),  with  Pm,  -,  from  the  same  deposits, 

presents  some  resemblances  to  the  American  Haplodontida  (which, 
like  the  Atwmalurida^  are  unknown  in  a  fossil  state),  Sciurodon 
from  the  Quercy  Phosphorites  is  regarded  as  a  closely  allied 
genus. 

Finally,  we  may  here  mention  the  small  Decticadapis^  of  the 
Lower  Eocene  of  Rheims,  which  appears  to  be  a  Rodent,  although 
its  affinities  cannot  yet  be  determined. 

Order  VIII.  CARNivoRA.^Although  the  existing  Cari\ivora  can 
be  defined  with  fair  exactness,  yet  the  fossil  forms  here  included  in 
this  order  render  such  definition  almost  or  quite  impossible.  All 
the  known  forms  are,  however,  unguiculate,  with  never  less  than 
four  digits  to  each  foot,  all  of  which  bear  claws ;  and  the  pollex  and 
hallux  are  never  opposable.  The  dentition  is  diphyodont  and 
heterodont,  and  (with  the  exception  of  the  canines  of  the  Trichechidce) 
the  teeth  have  closed  pulp-cavities.  The  incisors  are  very  generally 
three  in  number,  the  third  being  the  largest ;  the  canines  are  strong, 
pointed,  recurved,  and  larger  than  the  incisors ;  while  the  first  pair  of 
incisors  never  have  an  interval  between  them.  The  cheek-teeth  vary, 
but  are  usually  compressed  in  the  anterior  part  of  the  series ;  while  if 
the  molars  are  tuberculate,  they  are  not  complex  and  divided  into 
lobes  by  deep  infolds  of  enamel.  The  condyle  of  the  mandible 
forms  a  transversely  elongated  half-cylinder,  working  in  a  deep 
glenoid  fossa,    protected  by  a   large    postglenoid   process.      The 
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clavicle  is  never  complete,  and  is  frequently  absent ;  the  radius  and 
ulna  and  the  tibia  and  fibula  are  always  distinct ;  but  the  scaphoid 
and  lunar  of  the  carpus  very  frequently  coalesce.  In  a  large  num- 
ber of  cases  the  humerus  has  an  entepicondylar  foramen.  The 
majority  of  the  species  subsist  on  animal  food.  In  the  more  spe- 
cialised types  there  is  a  tendency  to  a  reduction  in  the  number  of 
the  cheek-teeth,  more  especially  the  true  molars. 

As  in  the  Rodents  and  the  following  orders,  the  manus  is  sus- 
ceptible in  most  cases  of  the  movements  of  pronation  and  supina- 
tion ;  the  head  of  the  radius  being  ac- 
cordingly freely  movable  in  the  lesser  sig- 
moid cavity  of  the  ulna.  The  proxinial 
extremity  of  the  latter  bone  is  shown  in 
the  accompanying  woodcut  in  order  to 
exhibit  the  characteristic  features  obtain- 
ing in  the  unguiculate  orders.  Some 
observations  on  the  phylogeny  of  the 
order  will  be  found  under  the  head  of 
the  Creodonta. 

The  Carnivora  are  divisible  into  the 
suborders  Pinnipedia,  Carnivora  Vera, 
and  Creodonta ;  the  latter  being  the  most 
generalised. 

Suborder  i.  Pinnipedia. — ^This  sub- 
order comprises  the  typical  Seals  {Fho- 
dda\  the  Walruses  {Trichechida\  and 
the  Eared,  or  Fur,  Seals  (Otariida) ;  all 
of  which  mainly  differ  from  the  t)^pical 
Carnivora  in  points  connected  with  their 
subaquatic  life.  The  brain  is  relatively 
large,  with  its  hemispheres  much  convo- 
luted, and  broad  in  proportion  to  their 
length.  The  limbs  are  short,  and  are 
each  furnished  with  five  digits,  which  are  connected  by  a  web :  in 
the  hind  feet  the  first  and  fifth  digits  are  stouter,  and  generally 
longer,  than  either  of  the  others.  In  the  Phocida  the  hind  feet 
when  walking  are  directed  backwards  parallel  to  the  axis  of  the  body, 
but  in  the  Otaritdce,  which  are  the  least  aberrant  members  of  the 
suborder,  they  are  turned  forwards.  The  dentition  varies,  but  at 
least  three  kinds  of  teeth  are  always  present.  The  canines  are  long 
and  pointed  ;  the  cheek-teeth  (fig.  1301),  which  usually  comprise  four 
premolars  and  one  true  molar,  are  not  differentiated  into  camassials 
and  tuberculars,  but  are  usually  sharply  pointed  and  often  furnished 
with  fore-and-aft  basal  cusps,  sdthough  they  are  blunt  and  rounded 
in  the  Walrus.     There  is  always  a  diminution  of  the  incisors  below 


mg^ 


l-rig 


Fif .  1100. — Anterior  aspect  of  the 
proximal  extremity  of  the  right 
ulna  of  HvanarcUu ;  from  the  Si- 
walik  Hills.  Reduced,  ol.  Ole- 
cranon ;  A,  Anterior  tubercle  of  do. ; 
"iff  Sigmoid  cavity ;  Ltig^  Lesser 
do.  for  head  of  radius. 
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the  typical  number  of  ?.     The  milk-teeth  are  very  minute,  and  are 

o 
either  shed  or  absorbed  at  a  very  early  date.  The  structure  of  the 
cranium  approximates  to  that  of  the  Bears  and  their  allies.  The 
larger  limb-bones  present  very  characteristic  features,  which  enable 
them  to  be  readily  recognised  in  the  fossil  state.  No  fossil  forms 
have  been  hitherto  found  which  tend  to  throw  any  light  upon  the 
origin  of  this  suborder ;  but  in  the  reduction  of  the  number  of  the 
incisors,  they  agree  with  some  of  the  Creodonts,  from  which  group 
they  may  be  directly  derived. 
Family  PnociDiE. — The  number  of  incisors  in  this  family  varies 

from  -  in  Cystophora  to  -   in  Phoca   and  Halichzrus,     The   best 
I  2 

known  fossil  Seals  have  been  obtained  from  the  Pliocene  Crag  of 

Antwerp,  and  have  been  referred  to  the  following  genera,  of  which 


Fig.  Z30X.  ^Lateral  view  of  the  left  dentition  oi Pkoctu    Reduced.    Letters  as  in  fig.  lyn. 

all  but  the  first  are  peculiar  to  the  Tertiary,  although  it  may  be 
a  question  whether  all  of  them  are  rightly  distinguished  from  exist- 
ing genera.  They  comprise  Phoca^  represented  by  a  species  allied 
to  the  Common  Seal  \P,  vitulinoides)  ]  Callophoca  allied  to  the 
Greenland  Seal  {P,  grcsnlandica) ;  Platyphoca  to  the  Bearded  Seal 
(P.  barbatd)  ;  Phocanella  to  the  Ringed  Seal  (P,  fatidd) ;  Gryphoca 
to  the  Grey  Seal  (Halichzrus) ;  Paiaophoca  and  Monatherium  to 
the  Monk  Seal  (Monachus)  of  the  Mediterranean ;  Mesotaria  to  the 
Bladder  Seal  {Cystophora)]  and  Prophoca  which  does  not  appear 
closely  allied  to  any  existing  form.  Remains  of  Phocida  in  other 
formations  are  rare ;  but  a  species  provisionally  referred  to  the  type 
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genus  has  been  obtained  from  the  Miocene  of  Malta,  while  other 
forms  occur  in  the  Pliocene  of  the  Crimea  and  elsewhere.  Remains 
from  the  Miocene  of  Virginia  have  been  described  under  the  name 
of  Phoca  Wymani^  and  others  from  the  Pliocene  of  South  Carolina 
have  likewise  been  referred  to  the  same  genus. 

Family  TRiCHECHiDiE. — The  Walruses,  which  are  in  some  re- 
spects intermediate  between  the  other  two  families,  are  readily  dis- 
tinguished by  their  enormous  upper  canines.  The  existing  Arctic 
Trichechus  rosmarus  occurs  fossil  in  the  Norfolk  Forest-bed,  and  an 
allied  species,  T,  Huxleyi^  in  the  Red  Crag ;  while  the  names  Alach- 
therium  and  Trichechodan  have  been  applied  to  closely  allied,  if  not 
generically  identical,  forms  from  the  Belgian  Crag. 

Family  OxARiiDiE. — This  family,  in  which  the  number  of  the 

incisors   is   invariably   -,   is   almost   unknown    in    a  fossil  states 

2 

although  some  writers  have  considered  that  certain  genera  here 
included  in  the  Phocida  should  be  referred  to  it  Remains 
of  existing  species  of  the  type  genus  Otaria  have,  however,  been 
obtained  from  Prehistoric  or  Pleistocene  beds  in  New  Zealand,  and 
also  from  the  Pleistocene  of  South  America. 

Suborder  2.  Carnivora  Vera. — In  the  typical  Camivora  the 
brain  is  relatively  large,  and  the  hemispheres  are  elongated,  and 
always  marked  by  three  or  four  folds.  The  fore  limbs  never  have 
the  first  digit,  or  the  hind  limbs  the  first  and  the  fifth  digits  longer 
than  all  the  rest  There  is  always  a  more  or  less  distinctly  defined 
carnassial  tooth  in  each  jaw ;  the  teeth  in  front  of  such  camassial 
being  always  more  or  less  compressed  and  pointed,  while  those 
behind  the  same  are  broad  and  tuberculated.  And  it  appears  from 
the  dentition  of  the  suborder  Creodonta  that  these  tuberculated 
posterior  teeth  are  the  most  specialised.  The  upper  camassial 
(^*,  fig.  1302),  as  being  the  hindmost  of  those  teeth  which  have 
milk  predecessors,  is  reckoned  as  the  last  premolar ;  and  it  usually 
consists  of  an  outer  compressed  blade,  generally  fiunished  with  two 
(fig.  1302),  but  occasionally  (fig.  1325)  with  three  cusps  or  lobes, 
and  of  an  inner  tubercle  (fig.  1325).  This  tubercle  is  generally 
placed  near  the  anterior  extremity  of  the  crown,  and  is  of  medium 
size;  but  in  some  instances,  as  in  Macharodus  (fig.  1334),  it  may 
be  almost  absent,  while  in  others,  as  in  the  Otters  (fig.  1303),  it 
attains  a  great  development  The  lower  camassial  {m^  in  the  man- 
dible of  fig.  1302),  as  the  most  anterior  of  the  teeth  without  milk 
predecessors,  is  reckoned  as  the  first  of  the  true  molar  series. 
Typically,  the  crown  of  this  tooth  (fig.  1302)  consists  of  an  an- 
terior blade,  composed  of  two  compressed  cusps  or  lobes,  and  an 
inner  cusp  (fig.  13 18),  and  of  a  hind  talorL  In  the  Wolf  (fig.  1302) 
all  these  elements  are  well  developed ;  but  sometimes,  as  in  BUs 
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(fig.  1 331),  both  the  inner  cusp  of  the  blade  and  the  talon  may  be 
entirely  wanting;  or,  again,  the  talon,  as  in  Ursus  (fig.  1309),  may 
attain  excessive  development,  and  the  blade  be  proportionately  re- 
duced ;  the  cusps  or  lobes  of  the  latter  being  in  such  cases  placed 
obliquely. 

Although  the  foregoing  terms  are  those  generally  used  in  describing 
the  camassial  teeth,  a  few  words  may  be  said  as  to  the  serial  homology 
of  their  cusps.     Thus,  in  the  normal  type  of  upper  camassial  with  two 


Fig.  i303.--Outer  lateral  view  of  the  left  dentition  of  the  Wolf  {Cant's  lu^ui).    Reduced. 
I,  Incisors ;  c,  Canine ;  >,  Premolars ;  m,  True  molars. 

lobes  to  the  blade  (fig.  1318,/w.  4),  it  appears  that  the  inner  tubercle 
represents  the  protocone  of  the  tritubercular  type  (p.  1275),  the  first 
lobe  of  the  blade  corresponding  to  the  paracone,  and  the  second  to  the 
metacone.  In  those  forms  with  a  trilobed  blade  (fig.  1325),  the  anterior 
lobe  is  a  superadded  element  not  found  in  the  primitive  type.  In  the 
lower  camassial  (compare  fig.  1145,  p.  1275)  the  posterior  lobe  of  the 
blade,  which  is  really  extemal,  is  the  protoconid;  the  anterior  lobe 
(paraconid)  and  the  inner  cusp  (metaconid)  are  both  intemal ;  while  the 
talon  is  the  hypoconid. 

With  very  few  exceptions,  the  incisors  are  -  in  number.     The 

digits  are  nearly  always  furnished  with  long,  sharp,  and  more  or  less 
curved  claws,  which  in  the  true  Cats  {Felis)  can  be  retracted  into 
protecting  bony  sheaths.  In  some  genera,  like  Ursus^  the  whole  of 
the  sole  of  the  foot  is  applied  to  the  ground  in  walking  (J>lantigrade\ 
while  in  others,  like  Canis^  only  the  terminal  digits  are  so  used 
(digitigrade).     As  a  feature  of  some  importance  in  this  suborder, 
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mention  must  be  made  of  the  alisphenaid  canal^  which  is  a  short 
bony  channel  situated  in  the  alisphenoid  bone  immediately  on  the 
outer  side  of  the  pterygoid.  The  existing  representatives  of  this 
suborder  have  been  divided  into  three  sections — ^the  Arctoidca, 
Cynoidea,  and  iEluroidea ;  but  extinct  forms  show  such  a  complete 
transition  between  the  three  that  it  is  impossible  to  adopt  any  divi- 
sions of  higher  rank  than  families,  and  scarcely  any  two  writers  agree 
as  to  the  limits  of  the  latter.  It  is,  moreover,  very  doubtful  whether 
the  Arctoidea  is  really  a  natural  group.  When,  indeed,  we  go  back 
to  the  Upper  Eocene  or  Lower  Oligocene,  where  this  suborder  is 
first  definitely  known,  we  find  that  Bears  pass  imperceptibly  into 
Dogs,  Dogs  into  Civets,  Civets  into  Hyaenas  and  Cats,  while  Weasek 
appear  to  be  related  to  the  Civets ;  and  the  principles  adopted  in  the 
classification  of  recent  forms  consequently  fail  to  enable  us  to  make 
any  really  satisfactory  arrangement 

Family  MusTELiDiE. — This  family  comprises  the  Sea-Otteis, 
Otters,  Badgers,  and  Weasels.  In  all  existing  forms  the  skull  has 
no  alisphenoid  canal;  there  is  never  more  than  one  upper  true 
molar,  and  the  lower  true  molars  are  nearly  always  two,  although 
reduced  to  one  in  Meiiivora,  The  upper  true  molar  has  its  inner 
tubercular  portion  wider  than  the  outer  or  cutting  moiety  (fig.  1306), 
this  feature  being  most  developed  in  the  Otters  (fig.  1303);  and  the 


Fig.  1303.— Palate  of  i^«/raciiMfva;  India. 

cusps  of  the  blade  of  the  lower  camassial  are  comparatively  low  (fig. 
1308).  The  palate  is  comparatively  wide,  and  the  premolars  are 
somewhat  crowded  together;  while  the  auditory  bulla  has  no 
septum,  and  is  usually,  but  slightly,  inflated.  It  is  suggested  by 
Dr  Scott  that  the  Mustelida  are  a  branch  from  the  primitive  Viver- 
rida^  and  there  is  considerable  evidence  in  favour  of  this  view, 
which,  if  true,  at  once  breaks  up  the  Arctoidea. 

The  existing  Lutrine  section  may  be  palaeontologically  divided 
into  Lutra  and  Enhydra  ;  the  latter  being  a  marine  form  unknown 
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in  a  fossil  state.  The  species  of  Lutra  are  characterised  by  the 
great  constriction  of  the  skull  in  the  orbital  region,  and  usually  by 
the  more  or  less  squared  contour  of  the  crown  of  the  upper  true 
molar,  and  the  great  development  of  the  inner  tubercle  of  the  last 
upper  premolar,  which  forms  a  crescentoid  ridge ;  both  these  features 
being  well  shown  in  fig.  1303.    In  the  typical  Z.  vulgaris  the  dental 


'■\' 


Pm. 


-,  M,  -,  but  in  some  existing  species  the 
3  2 


formula  is  7.  -, 
3 
first  upper  premolar  may  be  absent  {fig.  i303)>  and  other  variations 
occur  in  fossil  forms.  This  genus  may  be  divided  into  three  groups, 
which  it  is  quite  permissible  to  regard  as  distinct  genera,  and  of 
which  the  first  and  third  are  extinct.  The  Enhydriodont^  or  most 
specialised  group,  comprises  two  large  otters  respectively  from  the 
Pliocene  Siwaliks  of  India  and  the  Middle  Miocene  of  Italy,  which 
attained  dimensions  fully  equal  to  those  of  the  existing  Z.  brasiliensis. 
In  both  these  forms  the  first  upper  premolar  is  absent,  and  in  the 
Indian  Z.  sivaiensis  the  second  premolar  may  likewise  disappear. 
In  this  species,  moreover,  the  fourth  upper  premolar  or  carnassial 
{?ig,  1305)  differs  from 
that  of  all  other  otters 
in  that  the  inner  crescent 
consists  of  three  distinct 
tubercles ;  but  the  Italian 
Z  Catnpanii  (fig.  1304) 
connects  in  this  respect 
the  Indian  species  with 
the  true  otters.  The 
typical  group,  which  in- 
cludes all  the  existing 
forms,  is  known  to  date  from  the  Middle  Miocene  of  Europe,  and 
also  occurs  in  the  Tertiaries  of  America  and  the  Indian  Siwaliks. 
Remains  of  the  existing  Z.  vulgaris  occur  in  the  Norfolk  Forest- 
bed  ;  while  the  Siwalik  Z.  palcsindica  is  closely  allied  in  the  structure 
of  its  teeth  and  skull  to  the  living  hairy-nosed  otter  (Z.  sumatrana) 
of  Asia.  Finally,  the  Lutrictine  group  is  represented  only  by  Z. 
Valetoni,  of  the  Lower  Miocene  of  the  Continent,  which  is  dis- 
tinguished from  all  other  Mustelines  by  the  presence  of  a  minute 
second  upper  true  molar.  This  species  is  also  characterised  by  the 
narrowness  of  the  first  upper  true  molar,  and  by  the  circumstance 
that  the  anterior  upper  premolars  are  placed  immediately  behind 
the  canine,  instead  of  being  squeezed  towards  its  inner  side,  as  in 
fig-  ^303.  If  regarded  as  generically  distinct,  this  form  should  be 
known  as  Potamotherium,  The  Miocene  Trochictis  appears  to 
connect  the  Otters  with  the  Weasels. 

Among  the  Badgers  and  their  allies  extinct  species  of  the  type 


Fig  1304.— The  right 
upper  carnassial  oi Lutra 
CampoMii;  from  the  Mio* 
cene  of  Ital^.  In  its  na- 
tural position  the  outer 
rid^e  would  be  oblique, 
as  in  fig.  1303. 


Fig.  1305. — The  left  upper 
carnassial  of  Lutra  srvaun- 
sis;  from  the  Pliocene  of 
India.  The  outer  ridge  is 
broken. 
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genus  MeUs  occur  in  the  Pliocene  of  Persia,  the  common  Badger 
{M,  taxus)  being  found  in  the  Pleistocene  of  Europe ;  while  extinct 
species  of  Mellivora^  or  Ratel  (fig.  1306),  have  been  described  from 
the  Pliocene  of  India,  this  genus  being  confined  to  that  country 


Fig.  1306.— The  right  upper  and  left  lower  dentition  oi  MtlUvora  swaUmsu: 
from  the  Pliocene  of  India. 

and  Africa.  The  last-named  deposits  also  yield  the  extinct  Melli- 
vorodon.  Species  of  the  American  genus  Mephitis  {Conepatus) 
occur  in  the  Pleistocene  cave-deposits  of  Brazil ;  while  PronuphiHs, 
of  the  Pliocene  of  Greece,  is  considered  to  be  allied.  Palaomtphitis^ 
of  the  Miocene  of  Bavaria,  which  has  been  placed  in  this  family, 
appears  to  be  identical  with  Viverra. 

The  Weasels,  or  typical  representatives  of  the  family,  which  are 
divided  into  the  existing  genera  Mustela  (including  Putorius\  Gulo^ 
and  Galictis^  occur  commonly  throughout   the   higher  Tertiaries. 

Mustela  {^g.  1307),  in  which  the  premolars  vary  from  ^  to  -,  and 

3  4 
the  inner  cusp  of  the  lower  camassial  is  frequently  absent,  is  repre- 
sented by  numerous  existing  species  in  the  Pleistocene  of  Europe, 
and  by  a  number  of  extinct  forms,  some  of  which  it  has  been  pro- 
posed to  separate  under  the  names  of  Plesiogale  and  Pcdaogale^  rang- 
ing down  to  the  Quercy  Phosphorites.  A  large  species  (fig.  1308) 
occurs  in  the  Siwaliks  of  India,  which  was  probably  closely  allied 
to  M,  flavigula  of  the  same  regions ;   and  other  large  forms  are 
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found  in  the  Miocene  of  Bavaria,  and  the  Pliocene  of  Greece  and 
Persia ;  while  the  genus  is  also  represented  by  a  smaller  species  in 
the  Pliocene  of  North  America.  M.  Larteti  of  the  Miocene  of 
Sansan  should  perhaps  be  referred  to  the  African  genus  Ictonyx, 


Fig.  Z307.— Right  lateral  view  of  the  skull  of  the  Polecat  {Mustela  pHtcrius). 

The  extinct  PUsictis  occurs  in  the  Lower  Miocene  and  Upper 
Eocene  (Oligocene)  of  Europe,  and  is  characterised  by  the  presence 

of  -  premolars,  and  the  circumstance  that  the  temporal  ridges  of 

4 
the  cranium  do  not  unite  to  form  a  sagittal  crest,  as  they  do  in 
Mustela,     The  inner  portion  of  the  upper  true  molar,  as  in  some 
of  the  Miocene  species  of  Mustela  {Pal(zogale\  be- 
comes narrower  than  the  outer,  and  the  auditory 
bulla  is  more  inflated;  both  these  features  indicat- 
ing affinity  with  the  Viverrine  genus  StenopUsictis, 
The  existing   genus  Galictis  of  America  is  repre- 
sented in  the  Pleistocene  of  the  two  divisions  of 
that  Continent ;  while  the  Arctic  Gulo  occurs  in  the 
Pleistocene  of  Europe,  where  remains  of  the  existing 
Wolverine  {G.  luscus)  are  met  with. 

Family  PROCYONiDiE. — ^The  Procyonida  may  be 
taken  to  include  both  the  American  Racoons  and 
Coatis  and  the  Indian  yElurus^  but  are  of  small 
pakeontological  importance.     In  all  living  genera  the  true  molars 

2 

are  -  in  number;   and  the  American  forms  have  no  alisphenoid 

canaL  Nasua  (Coati)  occurs  fossil  in  the  Pleistocene  of  Brazil ; 
and  the  extinct  Cynonasua^  characterised  by  the  presence  of  three 
lower  true  molars,  is  found  in  the  older  i«/^a-Pampean  of  Pata- 
gonia. Procyon  (Racoon)  is  represented  in  the  Pleistocene  of 
North  America;  while  Leptarctus  from  the  same  deposits,  and 
Arctodus  from  the  Pleistocene  of  South  Carolina,  are  extinct  genera 


Fig.  1308.— Upper 
and  outer  view  of 
the  left  lower  car- 
nassial  of  Mustela  ; 
from  the  Pliocene 
of  India. 
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connecting  the  present  family  with  the  next.  yElurus  is  represented 
at  the  present  day  by  a  single  species  from  Nipal  and  the  adjacent 
regions.  In  common  with  the  American  members  of  the  family  it 
is  characterised  by  the  second  lower  true  molar  being  longer  than 
the  first,  and  by  the  absence  of  a  "camassial"  character  in  the 
latter.  The  molars  are,  however,  of  an  unusually  complex  character; 
and  the  last  one  of  the  lower  jaw  presents  a  decided  approximation 
to  the  third  molar  of  certain  Ungulates.  The  only  fossil  that  has 
been  referred  to  this  genus  is  a  fragment  of  a  mandible  with  the  last 
true  molar  from  the  Red  Crag  of  Suffolk.  It  is,  however,  advisable 
to  await  further  information  before  admitting  this  determination  as 
certain. 

Family  Ursid^ — Palaeontologically  it  appears  advisable  to  in- 
clude in  this  family  not  only  the  Bears,  but  also  the  Dogs  (Canidc^ 
since  the  passage  from  one  type  to  the  other  is  so  complete  as  to 
render  it  impossible  to  draw  any  satisfactory  distinction  between 
them.  Although  no  precise  definition  of  this  family  can  be  given, 
the  following  points  may  be  noticed.     With  the  exception  of  the 


Fig.  1300.— Outer  view  of  the  right  dentition  of  the  Polar  Bear  (^fn»  martttmm\ 
Reduced.    1,  Incisors ;  c,  Canme ;  /m,  Premolars ;  m.  True  molars. 

existing  genus  yEluropus  the  skull  has  an  alisphenoid  canal.  The 
upper  true  molars  are  frequently  two  in  number,  but  they  may  be 
reduced  to  one  (Icticyon)^  or  increased  to  three  {Amphicyon)  or  four 
(Otocyon)  ;  while  the  corresponding  teeth  of  the  lower  jaw  are  nearly 
always  three  in  number,  although  they  may  be  reduced  to  two^  and 
in  Otocyon  are  augmented  to  four.  The  first  upper  true  molar  is 
invariably  placed  behind  the  camassial,  and  the  latter  generally  has 
two  lobes.  The  upper  true  molars  may  have  either  oblong  ( UrsHs\ 
squared  {Hyanarctus\  or  triangular  crowns ;  and  the  talon  of  the 
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lower  camassial  is  well  developed.  The  auditory  region  may  either 
have  a  depressed  bulla,  without  an  inner  septum  (C/rsus),  as  in  the 
existing  MusteHda^  or  (Canis)  may  have  an  inflated  bulla  with  an  in- 
complete septum  approximating  to  that  of  the  Viverridce,    The  least 


Fig.  131a— Right  lateral  aspect  of  the  skull  of  the  Cave* Bear  {l/rsus  speitrus) ; 
from  the  Pleistocene  of  Germany.    Reduced. 


specialised  forms  have  an  entepicondylar  foramen  to  the  humerus, 
and  a  third  trochanter  to  the  femur.  The  feet  are  digitigrade  in  Canis 
and  plantigrade  in  Ursus.  In  common  with  the  majority  of  the  Car- 
nivora  Vera,  and  also  many  of  the  Creo- 
donta,  the  second  lower  incisor  is  thrust 
up  above  the  line  of  the  first  and  third. 
In  the  type  genus  Ursus  the  dental  for- 

mula  is  usually  /  -,  C.  -,  Fm,  -,  M,  -, 

3143 

but  in  U.  {Meiursiis)  labiattis  the  number 

2 
of    the   incisors    is    reduced   to   -.     The 

3 
second  and  third  premolars  are  usually 
shed  at  an  early  age;  the  upper  carnas- 
sial  (pm,  4,  ^g.  1309)  is  shorter  than  the 
first  true  molar,  and  lacks  the  marked 
sectorial  character  which  it  presents  in 
most  other  Carnivora ;  and  the  upper  true 
molars  are  greatly  elongated,  and  have  flat 
tuberculated  crowns.  The  foramen  has 
disappeared  from  the  humerus;   and  the 

olecranon  of  the  ulna  (fig.  131 1)  has  become  very  short;  while 
the  femur  has  no  third  trochanter.  This  genus  may  be  regarded 
as  in  some  respects  very  specialised,  although  retaining  generalised 
features  in  its  plantigrade  and  pentedactylate  feet.     It  is  of  com- 

VOL.  II.  2  M 


Fig.  13x1. — Anterior  aspect  of 
the  proximal  extremity  of  the 
right  ulna  of  Ursus  arctus. 
One-half  natural  size.  Letters 
as  in  fig.  1300. 
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paratively  modem  origin;  the  earliest  known  species  being  U, 
Theobaldi,  of  the  Pliocene  of  India,  which  was  the  ancestor  of  the 
existing  U,  labiaius  of  the  same  country.  The  last-named  species 
is  found  in  a  fossil  state  in  the  caves  of  Madras.  In  the  Upper 
Pliocene  of  Europe  we  have  the  small  U,  etruscus ;  and  in  the 
Pleistocene  of  the  same  area  the  existing  European  Brown  Bear 
{U,  arctus\  the  allied  or  identical  North  American  Grizzly  {U. 
horribilis\  and  the  huge  extinct  U.  spektus^  or  Cave-Bear  (fig. 
1 310).  The  latter  species  b  characterised  by  the  prominent  ridge 
above  the  orbits,  and  the  extremely  fine  tuberculation  of  its  molars ; 
its  remains  are  found  in  extraordinary  abundance  in  the  bone-caves 


Fig.  1 312. — Palate  oi  Arciotkerium  bonarietue  ;  from  the  Pleistocene  of 
South  America.    One-fotuth  natural  siae. 

of  the  Continent  Very  noteworthy  is  the  occurrence  of  abundant 
remains  of  Bears  in  the  caverns  of  North  Africa,  since  but  one  liv- 
ing species  is  found  in  the  whole  of  that  vast  continent  In  the 
Pleistocene  of  South  America  and  California  we  meet  with  the  huge 
Arctotherium  (fig.  131 2),  in  which  the  upper  camassial  is  relatively 
longer  than  in  Ursus^  while  the  crowns  of  the  true  molars  are  more 
nearly  square ;  so  that  its  dentition  serves  to  connect  that  of  Ursus 
with  that  of  the  next  genus.  According  to  Professor  Cope  the 
humerus  has  a  foramen.  The  genus  Hyctnarctus  occurs  first  in  the 
Middle  Miocene  of  Europe,  where  the  species  are  of  small  size 
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(fig.  13 1 3),  and  is  represented  by  much  larger  forms  in  the  Pliocene 

of  India,  China,  and  Europe.     In  this  genus  the  proximal  extremity 

of  the  ulna  (fig.  1300)  has  an  elongated  olecranon  similar  to  that 

of  Amphicyon  and  Canis.     There  is  also  a  third  lobe  to  the  upper 

camassial  (whereby  it  resembles  the  corresponding  tooth  of  Hyand)^ 

while  the  first  upper  true  molar  is  square 

(fig.  1 3 14)  in  one  species,  and  imperfectly 

triangular  in  another ;  the  lower  carnassial 

resembling  that  of  Canis.     The  small  H, 

anthracitis  of  the  Middle  Miocene  of  Italy 

may  be  identical  with  H,  tninutus.     Before 

noticing  the  forms  connecting  Hyanarctus 

with  CaniSy  we  must  mention  some  extinct 

genera  more  or  less  nearly  allied  to  the 

present   group,   and   which   Dr   Schlosser 

also  regards  as  related  to  the  Procyonida. 

Among  these  are  Simocyon  (Pseudocyon  or 

Metarctus)  of  the  Pliocene  of  Greece  and 

Hungary,    in   which   the    number   of  the 

2  2 

cheek-teeth  is  Pm,  -. r,  M,  - ;  and  En- 

(2-4)         2 

hydrocyon  {^g,   13 15),  of  the  Miocene  of 

North  America,  in  which  the  cheek-teeth 

X  2 

number  Pm,  -,  M,  -,  the  cranium  is  very  short,  and  the  lower 

camassial  has  a  cutting  talon.      Oligobunis  of  the  Miocene,  and 
Tomarctus  of  the  Pliocene  of  the  same  country  are  also  more  or 


Fig.  13x3. — Outer  and  palatal 
aspects  of  the  left  upper  true 
molars  ofHvetHarcius  mmutus  ; 
from  the  Middle  Miocene  of 
Silesia.    (After  Koken.) 


Fig.  1314.— First  upper  (a)  and  second  lower  right  true  molar  (B)of  Hyttnarctus ; 
from  the  Pliocene. 


less  nearly  related  types.  Here  we  may  also  place  Hycenocyon  of 
the  Miocene  and  jElurodon  (Prohyana)  of  the  Pliocene  of  North 
America,  though  Dr  Schlosser,  on  wholly  insufficient  grounds, 
would  refer  both  to  the  Hyanida,     The  former  has  the  molars 
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reduced  to  -  ;   while  in  the  latter  the  upper  carnassial  has  three 

lobes  like  Hyanarctus^  the  number  of  teeth  according  to  Professor 
Cope  being  the  same  as  in  Canis^  and  the  humerus  having  no  fora- 
men.    More  nearly  allied  to  the  Hycenarctus  group  is  Cephalogale^ 


Fig.  X315. — Lateral  and  upper  view  of  one-half  of  the  cranium  o{  Enhydrocyon  stent>cepkalifu ', 
from  the  Miocene  of  North  America.     One-half  natural  size.    (After  Cope.) 


in  which  the  two  upper  true  molars  (fig.  131 6)  become  more  or 
less  triangular,  but  the  carnassial  in  both  jaws  (figs.  1316,  13 17) 
is  comparatively  short,  with  low  cusps.  This  genus,  according  to 
Dr  Schlosser's  emendation,  is  comparatively  abundant  in  the  Upper 

Eocene  and  Lower  Miocene  of  the 
Continent;  many  of  the  species  hav- 
ing been  included  by  Dr  Filhol  in 
Cynodictis,  Extremely  near  to  those 
species  of  Hycenarctus  in  which  the 
upper  true  molars  are  triangular  is  the 
gigantic  Dinocyon  from  the  Middle 
Miocene  of  Europe,  in  which  the 
above-mentioned  teeth  become  per- 
fectly triangular  like  those  of  Canis  ; 
and  we  may  here  mention  Brachycyon 
from  the  Upper  Eocene  of  France.  The  widely-spread  genus 
Amphicyon  (in  which  Pseudamphicyon  of  Dr  Schlosser  may  be  in 
part  included)  occurs  in  Europe  from  the  Upper  Eocene  to  the 


Fig.  1316. — The  last  four  left  upper 
teeth  oi  Cephetlogalt  Gryei;  from  the 
Upper  EUxenc  of  France. 
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Middle  Miocene  of  Europe,  and  is  also  found  in  the  Pliocene  of 
India;  the  forms  from  the  Upper  Eocene  of  North  America 
which  have  been  referred  to  it,  are  regarded  by  Dr  Scott  as 
distinct,  and  have  been  named  Dapkanus,  Its  teeth  closely 
resemble  those  of  Canisy  but  there  are  three  upper  true  molars ; 
the  femur  has,  however,  a  third  trochanter,  the  feet  are  plantigrade 
and  pentedactylate,  the  distal  end  of  the  humerus  has  a  foramen, 
and  the  auditory  bulla  is  somewhat  inflated,  with  either  a  very 
rudimentary  or  no  septum.  ^  This  genus  has  therefore  the  dentition 
of  a  Dog,  coupled  with  limbs  more  like  those  of  a  Bear ;  and  it  is  a 
curious  comment  on  the  attempt  to  maintain  the  families  Canidce  and 
Ursida  that  while  Professor  Flower  places  Amphicyon  in  the  former, 
Dr  Schlosser  refers  it  to  the  latter.     This  genus  is  evidently  a  very 


Fig.  1317. — Right  ramus  of  the  mandible  of  Ce^halogaU  hrevirostris  ;  from  the 
Upper  Elocene  of  Y  ranee. 

generalised  form,  from  which  many  others  may  have  been  derived. 
In  CaniSy  comprising  the  Dogs,  Wolves,  and  Foxes,  the  dental  for- 
mula is  normally  Z  -,   C  -,  Pm,  ^,  M.  -,    but     in    some    forms 

3143 
{Cyon)  the  lower  true  molars  may  be  reduced  to  two,  and  in  others 
{Lycorus)  there  are  but  three  lower  premolars,  while  occasionally  the 
third  upper  true  molar  is  retained.  The  characteristic  features  of 
the  teeth  are  shown  in  figs.  1302  and  131 8  ;  but  it  maybe  observed 
that  the  relative  length  of  the  camassial  and  the  degree  of  obliquity 
of  the  cusp-line  in  the  lower  carnassial  varies  in  different  species ; 
the  most  specialised  forms  showing  the  greatest  development  of 
these  features.  The  third  lower  premolar  has  a  hinder  basal  cusp 
which  is  usually  wanting  in  Amphicyon  ;  the  humerus  has  no  fora- 
men ;  the  femur  has  lost  the  third  trochanter ;  the  feet  are  digiti- 

*  The  general  characters  of  the  base  of  the  skull  of  Amphicyon  are  Ganoid, 
but  in  the  presence  of  postparietal  and  mastoid  foramina  it  agrees  with  the  Bears. 
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grade ;  and  the  hallux  is  wanting  in  the  pes.  This  genus  probably 
commenced  in  the  Upper  Miocene  of  CEningen,  and  is  widely  dis- 
tributed over  all  the  world  from  the  Pliocene  upwards.  The  Wolf 
(C  lupus)  ranges  down  to  the  European  Pleistocene,  and  the  allied 
C,  CautUyi  is  found  in  the  Pliocene  of  the  Siwalik  Hills.     C  cum- 


m,  2    m.  I 


/w.  4  pm.  3  pm,  2  pm,  i 


Fig.  X3x8.— Palatal  aspect  of  right  lower  and  upper  dentition  of  Cants  argentahts.    The 
oblique  line  in  the  lower  camassial  is  the  cusp-line.    (After  Huxley.) 

palatus  of  the  latter  deposits  shows  signs  of  affinity  with  the  African 
Otocyon  (Fennec).  Lycaon^  now  confined  to  Africa,  and  distin- 
guished by  having  an  anterior  cusp  to  the  last  lower  premolar,  is 
found  in  the  Pleistocene  of  Glamorganshire.  Paicsocyon^  of  the 
Brazilian  Pleistocene,  is  regarded  by  Dr  Schlosser  as  indistinguish- 
able from  Cants,  Temnocyon^  of  the  North  American  Miocene,  has 
the  talon  of  the  lower  camassial  secant,  and  a  foramen  to  the  hume- 


Fig.  13x9.— Left  ramus  of  the  mandible  oiCynodictis  lacustris;  from  the 
Upper  Eocene  of  France.    (After  Gaudry.) 

rus;  while  in  the  existing  American  Icticyon  {Speothos),  which  is 
represented  in  the  Brazilian  Pleistocene,  the  lower  camassial  has 
not  only  a  secant  talon  but  also  lacks  the  inner  cusp.  Perhaps, 
however,  the  most  interesting  genus  of  the  whole  group  is  Cynodictis 
(in  which  we  may  include  Cynodon^  Amphicynodon^  and  Pachycynth 
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don\  of  the  Upper  Eocene  and  Lower  Miocene  of  the  Continent, 
and  also  of  the  White-river  Miocene  of  North  America,  where 
it  has  been  described  as  GaUcynus,  In  this  genus  the  dental  for- 
mula is  usually  the  same  as  in  Canis^  but  in  some  cases  (as  in  that 
genus)  there  are  only  two  lower  true  molars.  The  teeth  (figs.  1 3 1 9, 
1320)  resemble  also  those  of  the  Viverrida^  the  carnassials  being 
never  very  long,  and  the  cusp-line  of  the  lower  one  transverse ;  and 
the  humerus  has  a  foramen.  The  auditory  bulla  is  inflated,  but 
according  to  Dr  Filhol,  has  no  septum.     This  genus  is,  indeed. 


Fig.  ijao.—* Left  half  of  the  palate  of  Cynodiciis  hngirastris  ;  from  the 
Upper  Eocene  of  France. 

one  closely  connecting  the  Ganoids  and  Viverroids ;  and  since  it  is 
pretty  evident  that  the  Hyanida  and  Felida  are  divergent  branches 
from  an  early  Viverroid  stock  it  is  probable  that  Cynodictis  repre- 
sents a  type  not  far  removed  from  the  one  which  has  given  rise 
to  several  of  the  more  specialised  Carnivores,  and  is  itself  derived 
from  Amphicyon^  or  an  allied  type. 

Family  MiACiDiC — ^This  family  is  provisionally  adopted  to  in- 
clude the  Eocene  genera  Miacis  and  Didymictis^  which  appear  to 
be  primitive  forms  allied  to  both  Ganoids  and  Viverroids,  but  which 
Professor  Gope  placed  among  the  Greodonta.  Miacis  ( =  Uintacyon 
and  Viverravus)  occurs  in  the  Upper,  or  Bridger,  Eocene  of  North 
America,  and  according  to  Dr  Schlosser,  who  places  it  with  the 
Ganoids,  in  both  the  Lower  and  Upper  Eocene  of  France.  Didy- 
micHs  {Litnnocyon)^  which  occurs  in  the  Puerco,  Wasatch,  and 
Bridger  Eocenes  of  North  America,  is  included  by  Dr  Schlosser 
in  the  Viverrida,     Dromocyon  is  noticed  on  page  1453. 

Family  ViVERRiDiE. — The  Viverroids  are  comparatively  small 
Carnivores,  showing  such  close  affinities  in  one  direction  with  Cyno- 
dictis among  the  Ursida^  in  another  with  the  Mustelida^  and  in  a 
third  with  the  Hyanidce  and  the  Felida^  that  their  accurate  defini- 
tion is  quite  impossible.     The  skull  in  existing   forms   generally 
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has  an  alisphenoid  canal;  and  the  auditory  bulla  is  inflated  and 
has  a  complete  septum.  There  are  usually  two  true  molars  in  each 
jaw,  although  the  second  is  wanting  in  Frionodon.  Those  of  the 
upper  jaw  (fig.  1322)  are  usually  triangular,  and  are  always  narrower 
internally  than  externally,  although  they  may  be  narrow  in  Viverra 
(fig.  1322)  and  very  broad  in  Paradoxurus ;  and,  except  in  Crypto- 
procta  are  placed  behind  the  camassial.  The  cusps  of  the  lower 
camassial  are  generally  very  tall ;  the  premolars  are  spaced ;  and  the 
palate,  like  the  entire  skull,  is  long  and  narrow.  The  upper  car- 
nassial  is  subject  to  great  variation  in  relative  length.  In  typical 
forms  the  blade  of  the  lower  camassial  has  an  inner  cusp,  while  its 
cusp-line  is  transverse,  and  the  talon  is  relatively  large.  The  hume- 
rus usually  has  an  entepicondylar  foramen.  The  feet  are  planti- 
grade, and  usually  have  five  complete  digits ;  and  their  claws,  as  a 
rule,  are  comparatively  straight  and  only  slightly  retractile,  and  are 
not  protected  by  a  bony  sheath.  Exclusive  of  Miacis  and  its  allies, 
which  are  here  regarded  as  representing  a  separate  family,  the  Viver- 
ridcB  are  characteristic  of  the  Old  World.  The  Oriental  genus  Para- 
doxurus^ characterised  by  its  broad  upper  molars,  is  at  present  un- 
known in  a  fossil  condition.  The  more  widely  spread  Herpestes 
(Mongoose)  is  characterised  by  its  narrow  upper  molars,  by  the 
presence  of  an  inner  tubercle  to  the  third  upper  premolar,  and  of  a 
hinder  cusp  to  the  fourth  lower  premolar.  This  genus  is  represented 
in  a  fossil  state  by  remains  of  the  existing  H.  nipaUnsis  (fig.  1321) 
in  the  Pleistocene  of  India,  and  by  extinct 
species  in  the  Upper  Eocene  and  Miocene 
of  Europe.  AmphictiSy  from  the  Lower 
Miocene  (Upper  Oligocene)  of  France, 
seems  to  be  closely  allied  to  Viverra^  but 
the  second  lower  true  molar  is  longer  and 
has  two  distinct  roots.  The  type  genus 
Viverra  (fig.  1322),  which  has  no  inner 
tubercle  to  the  third  upper  premolar,  com- 

of'?£  '^^^'^^%lZu.  ""^"^^s  '"  the  Upper  Eocene  of  England 
nipaUnsis;  from  the  Pieisto-  and  Francc  yV,  HastingsicB  and  V,  anguS' 
Scept  the  c^assiai*aSd*the  tidens),  and  occurs  right  through  the  suc- 
canine  arc  wanting.  cceding  Tcrtiarics  till  the  Lower  Pliocene 

of  France,  where  it  is  represented  by  V. 
PepraxtL  The  latter  Civet,  together  with  other  allied  species  from 
the  Pleistocene  and  Pliocene  of  India,  presents,  however,  certain 
dental  features  in  which  it  approximates  to  Ictitherium,  The 
Oriental  genus  Prionodon,  in  which  there  is  only  one  upper  true 
molar,  and  the  inner  cusp  of  the  lower  camassial  is  very  small, 
while  the  humerus  has  a  foramen,  is  not  known  to  occur  in 
a   fossil   state.      So   far  as   can   be   determined   from   the  lower 
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jaw,  Palaoprionodon^  of  the  Quercy  Phosphorites,  appears  to  be  so 
closely  allied  to  Prionodon^  that  it  is  somewhat  difficult  to  see  how 
it  can  be  even  generically  separated.  Closely  allied  to  Palceoprion- 
odon  is  Stenoplesictis,  from  the  same  deposits,  in  which  the  dental 
3    ^  I     «      4    ,^  2 


formula  is  / 


M. 


or   the    same   as   in    Vtverra. 


C.  -,  Pm.  \ 
^142 

This  genus  presents,  however,  decided  indications  of  affinity  with 


Fig.  1333.— Palatal  aspect  of  the  left  upper  dentition  of  the  Zibeth  {Viverra  tibethd)  ; 
from  India. 

the  Musteloid  Plesictis,  on  which  account  it  is  placed  by  Dr 
Schlosser,  together  with  Palaoprionodon,  in  the  same  family ;  but 
its  dentition  and  the  contour  of  the  skull  are  decidedly  Viverrine, 
and,  according  to  Dr  Scott,  the  bulla  has  a  complete  septum,  of 
which  the  position  is  visible  externally,  as  in  modern  Viverrines. 
It  is,  however,  quite  probable  that  we  may  have  in  these  generalised 


Fig.  1323.— Palatal  aspect  of  the  left  upper  dentition  oi  Ictitherium  robustum; 
from  the  Pliocene  of  Greece.    (After  Gaudry.) 

forms  the  ancestral  types  of  the  Mustelidce,  which  from  this  view 
will  have  lost  the  septum  of  the  bulla  independently  of  the  Bears. 
In  all  the  above-mentioned  genera  the  upper  carnassial  has  only  two 
lobes,  but  in  Iciitherium  (ThalassicHs)  they  are  increased  to  three, 
as  in  ffyana,  Ictitherium  occurs  in  the  Lower  Pliocene  of  Greece, 
Hungary,  and  France;  and  its  upper  true  molars  (fig.  1323)  have 
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become  relatively  smaller  than  in  Vivgrra,  and  in  the  figured 
species  have  a  tendency  to  become  placed  on  the  inner  side  of 
the  carnassial.  The  genus  Cryp/qprocta,  which  is  unknown  in  a 
fossil  state,  approximates  in  the  character  of  its  dentition  and  its 
semi-retractile  claws  to  the  Felida, 

Family  HviENiDiE. — The  above-mentioned  genus  Ictitherium  may 
without  much  doubt  be  regarded  as  the  ancestral  type  of  the  Hyan- 
idce,  which  form  a  family  of  comparatively  recent  origin  and  entirely 
confined  to  the  Old  World.^     The  transition  to  Ictitherium  is  indeed 


Fig.  1394.— Oral  view  of  the  right  half  of  the  palate  and  risht  ramas  of  the  mandible  of  the 
Spotted  Hyaena  {H.  crocuta),  together  with  outer  view  of  the  Tower  cama 


natural  size. 


'  carnassial  tooth.    One-baif 


SO  close  that  it  is  impossible  to  give  a  distinctive  diagnosis  of  the 
family.  Usually,  however,  there  is  but  a  single  upper  true  molar, 
which  is  of  small  proportionate  size,  and  is  generally  placed  more  or 
less  entirely  on  the  inner  side  of  the  carnassial ;  the  latter  tooth 
(fig.  1325)  always  having  three  distinct  lobes  to  the  blade,  and  a 
well-developed  inner  tubercle.  The  lower  carnassial,  or  first  true 
molar  (fig.  1324)  has  a  very  large  blade,  and  the  hind  talon  com- 

*  This  is   exclusive    of  ^lurodon  (Prohyana)    and  Hyanocym,   which  Dr 
Schlosser  transfers  from  the  Ursida  to  this  family. 
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paratively  small ;  while  its  inner  cusp,  if  present,  is  likewise  relatively 
small.  There  is  never  more  than  one  lower  molar  (m,  2)  behind 
the  camassial,  and  if  present  that  tooth  is  very  small.  In  the  exist- 
ing genus  the  humerus  has  no  entepicondylar  foramen,  while,  at 
least  in  the  living  species,  each  foot  has  but  four  digits,  of  which 
the  claws  are  non-retractile.  The  most  generalised  member  of  the 
family  is  the  genus  Palhyana^  of  the  Lower  Pliocene  of  Greece, 
France,  and  Persia,  which  has  been  included  by  many  writers  in 
Ictitherium^  but  of  which  the  camassial  teeth  are  essentially  those  of 

a  Hysena.     The  dental  formula  is  L  -.  C  -,  Pm,  -,  M,  -,  or  the 

3         I  4         2' 

same  as  in  Viverra,  The  first  upper  true  molar  is  placed  entirely 
on  the  inner  side  of  the  large  camassial ;  the  lower  camassial,  except 
for  its  rather  larger  talon,  is  almost  indistinguishable  from  that  of  the 
Striped  Hyaena,  while  the  second  lower  true  molar  is  comparatively 
small.  The  first  lower  premolar  is  very  minute,  and  in  their  com- 
pressed crowns  the  other  premolars  are  more  like  those  of  Viverra 
than  those  of  existing  Hyaenas.  The  type  species  is  comparatively 
small,  with  slender  jaws,  and  the  muzzle  is  elongated  after  the 
Viverroid  fashion.  The  imperfectly  known  Lepthyctna^  of  the  Indian 
Siwaliks,  is  closely  allied  to,  if  not  identical  with,  the  preceding 
genus.  The  remaining  forms  may  be  included  in  the  genus  Hyanay 
which  may  be  divided  into  groups  corresponding  to  the  genera 
of  some  writers,  although  there  is  an  almost  complete  transition 
from  one  to  the  other.  In  all  cases  there  is  never  more  than  a 
single  upper  tme  molar,  while  in  existing  forms  the  normal  dental 

formula  is  I,  -,  C  -,  Fm.  -,  M.  -.     In  some  fossil  forms,  however, 

3         I  3         I 

the  first  upper  premolar  may  be  absent,  while  in  others  there  may 
be  a  small  first  lower  premolar  or  a  second  lower  true  molar. 

Of  the  more  generalised  forms  classed  in  the  Lychyanine  group 
{Lychytena),  as  represented  by  H,  mctcrostoma  of  the  Pliocene  of  India, 
and  JI,  charetis  of  that  of  Greece  and  Samos,  the  muzzle  is  long,  the 
premolars,  of  which  there  are  four  in  the  lower  jaw,  are  compressed, 
the  first  upper  tme  molar  is  placed  partially  behind  the  camassial, 
the  lower  camassial  has  an  inner  cusp,  and  there  was  probably  a 
second  lower  true  molar.  In  the  Hyanictine  group  {Hy(BnicHs\ 
which  likewise  occurs  in  the  Pliocene  of  India  and  Europe,  the 
second  lower  tme  molar  is  still  retained  as  a  very  minute  tooth,  but 
the  premolars  are  more  like  those  of  existing  forms,  and  the  com- 
paratively large  tn.  i  is  placed  entirely  on  the  inner  side  of  the  car- 
nassial.  The  muzzle  is  also  comparatively  short.  In  the  Indian 
H.  sivaUnsis  the  first  lower  premolar  is  lost,  although  retained  in 
the  European  H,  charetis.     This  group  forms,  indeed,  a  complete 
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connection  between  Palhyctna  and  the  next  group.  In  the  typical 
or  Euhyanine  group,  as  represented  by  the  living  Indian  Striped 
Hyaena  {H,  striata)  the  premolars  form  blunt  cones  admirably 
adapted  for  crushing  large  bones.  In  this  group  the  upper  car- 
nassial  (^%,  1325)  has  a  short  third  lobe,  while  the  corresponding 


Fig.  X335. — The  right  upper  camassial  tooth  of  Hyeena  striata^  from  the  outer  (a) 
and  oral  (b)  aspects  ;  from  the  Suflfolk  Crag. 

lower  tooth  still  retains  its  inner  cusp  and  distinct  hind  talon ;  but 
the  first  lower  premolar  and  second  true  molar  have  totally  dis- 
appeared. Remains  referred  to  the  existing  species  occur  in  the 
Suffolk  Crag,  the  caverns  of  France  and  the  Upper  Pliocene  or 
Pleistocene  of  Italy.     H,  arvernensis^  of  the  Upper    Pliocene  of 


Fig.  1326.— Outer  view  of  hinder  part  of  the  right  ramus  of  the  mauidible  of  Hjntna  Colvimi; 
from  the  Pliocene  of  India. 

France  and  Italy,  seems  to  be  allied  to  If.  brunnea  of  the  Cape ; 
while  II,  Perrieri  {topariensis\  of  the  same  deposits  makes  another 
step  towards  H,  crocuta^  having  lost  the  inner  cusp  to  w.  i.  The 
most  specialised  or  Crocutine  group  {Crocuta)  is  now  represented  by 
the  Spotted  Hyaena,  and  is  characterised  by  the  long  third  lobe  of 
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the  upper*  camassial  (fig.  1327,  a),  and  by  the  loss  of  the  inner 
cusp  and  reduction  in  the  size  of  the  hind  talon  of  the  lower  carnas- 
sial(fig.  1327,  b). 

The  most  generalised  representative  of  this  group  is  H,  eximia^ 
of  the  Lower  Pliocene  of  Greece  and  Persia,  in  which  the  first  lower 
premolar  is  retained,  but  the  second  lower  true  molar  is  lost,  as  in 
all  the  other  members  of  this  group.^     H.  Colvini  (fig.  1326)  of  the 


Fig.  Z337. — (aX  Palatal  view  of  right  upper  camassial  and  true  molar;  and  (b),  Outer  view 
of  right  lower  carnassial  of  Hyctna  crocutet. 

Indian  Siwaliks,  in  which  pm.  i  has  disappeared,  may  probably  be 
regarded  as  the  ancestor  of  the  existing  Spotted  Hyaena  {H.  crocutd) ; 
while  H,  robusta,  of  the  Upper  Pliocene  of  Italy,  is  allied  to  H. 
CoIvint\  but  retains /;w.  i. 

The  Spotted  Hyaena  is  now  found  m  South  Africa,  but  occurs  in  a  fossil 
state  in  the  Pleistocene  of  both  Europe  and  India.  It  is  characterised 
by  the  minute  size  of  the  upper  true  molar  (fig.  1327),  and  the  extremely 
small  size  of  the  hind  talon  of  the  lower  camassial  {ibid)  The  facial 
part  of  the  cranium  (fig.  1328)  is  very  broad  and  short. 

Remains  of  the  Spotted  Hyaena  occur  in  vast  quantities  in  many 
European  cave-deposits  ;  and  were  especially  abundant  in  the  celebrated 
Kirkdale  cave  in  Yorkshire,  explored  m  the  early  part  of  this  century  by 
Dean  Buckland,  and  also  that  of  Gailenreuth  in  Franconia.  That  these 
caves  were  dens  in  which  the  Hyaenas  dwelt  is  evident  from  the  marks 
of  their  teeth  on  the  bones  of  other  animals  dragged  in  by  them  for 
food,  as  well  as  by  other  unmistakable  evidence. 

Family  FEUDiE. — The  Felidce,  in  which  the  Nimravida  of  Pro- 
fessor Cope  are  included,  are  the  most  specialised  representatives  of 
the  entire  order ;  this  being  especially  shown  in  the  existing  forms 
by  the  shortness  of  the  skull,  in  which  there  is  no  alisphenoidal 

*  In  a  skull  of  the  Spotted  Hyaena  in  the  College  of  Surgeons  there  is  a  second 
lower  true  molar  on  one  side. 
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canal,  the  reduction  in  the  number  of  the  cheek-teeth,  the  great 
development  of  the  canines  and  carnassials,  and  the  digitigrade  feet, 
with  their  strongly  curved  and  generally  perfectly  retractile  daws, 
protected  by  complete  bony  sheaths.  The  auditory  bulla  is  greatly 
inflated,  and  completely  divided  by  a  vertical  bony  septum.  The 
dental  characters  common  to  the  entire  family  are  the  strong  develop- 
ment of  the  canines,  the  presence  of  not  more  than  one  upper 
and  two  lower  true  molars,  and  the  circumstance  that  the  three 
lower  incisors  are  placed  in  the  same  horizontal  line.  With  one 
exception  all  the  known  forms  have  an  entepicondylar  foramen  to 


Fig.  Z328. — Oblique  lateral  view  of  the  cranium  oi  Hyetna  crocuta;  from  the  German  Cave. 
Reduced.    (After  Owen.) 

the  humerus.  This  family  was  probably  derived  from  the  ancestors 
of  the  modem  Viverrida,  the  view  taken  by  Dr  Schlosser  that  the 
true  Felida  are  directly  descended  from  the  Creodonts  being  very 
improbable.  The  earlier  forms,  constituting  the  Nimravida  of 
Professor  Cope,  present  generalised  features  which  are  lost  in  the 
true  Cats. 

Here  may  be  mentioned  the  remarkable  genus  Proalurus  from 
the  Lower  Miocene  and  Upper  Eocene  of  France,  which  includes 
small  Carnivores  of  generalised  affinities,  which  have  been  placed 
by  Professor  Cope  in  the  true  Felida  and  by  Dr  Schlosser  in  the 
Mustelida.  The  skull  agrees  with  that  of  Cryptoprocta  in  the 
possession  of  an  alisphenoidal  canal,  and  the  teeth  also  present 
resemblances  to  those  of  that  genus,  the  formula  of  the  cheek-teeth 

being  Pm,  1,  J/,  i .      The  femur  has  a  third  trochanter,  and  the 

4  2 

phalangeals,  according  to  Messrs  Scott  and  Osbom,  resemble  those 
of  DinicHs,  This  genus  also  shows  signs  of  affinity  with  Falaopri- 
onodon  and  Fseudcelurus, 

Dinictis  is  a  somewhat  larger  but  likewise  very  generalised  form, 
from  the  Miocene  of  the  United  States,  which  was  at  one  time 
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classed  by  Dr  Scott  with  Cryptoprocta  in  a  separate  family,  but  is 

now  placed  by  him  in  the  Nitnravidct,     The  formula  of  the  cheek- 

3  I 

teeth  is  Ptn,  -,  M,  -y  the  upper  carnassial  has  no  anterior  lobe ; 

the  alisphenoid  canal  is  retained ;  the  femur  has  a  third  trochanter ; 
the  astragalus  is  flattened  and  articulates  with  the  cuboid ;  and  the 
terminal  phalangeals,  although  retractile,  are  not  protected  by  bony 
sheaths.  Generalised  features  are  also  displayed  in  the  base  of  the 
skull ;  and  the  bones  of  the  skeleton  approximate  to  those  of  Cynch 
dictis  and  other  primitive  types. 

Of  the  other  generalised  forms  which  may  perhaps  be  included  in 
this  family  we  may  mention  yEiuropsis  of  the  Pliocene  of  the  Siwalik 
Hills,  and  Fseudaiurus  typically  from  the  Middle  Miocene,  but  re- 
corded by  Dr  Filhol  from  the  Upper  Eocene  Phosphorites  of  France. 
/Eluropsis  is  very  imperfectly  known,  but  its  mandible  seems  to 
approach  that  of  the  Machaerodonts.  Dr  Schlosser  would  include  in 
this  genus  some  of  the  forms  from  the  French  Phosphorites  referred 


Fiff.  1399. — Left  lateral  aspect  of  the  skull  and  anterior  cervical  vertebrae  oi  Nimravus  gomt' 
pkodutl  from  the  Miocene  of  North  America.  Two-fifths  natural  sixe.  3,  4,  Premolars;  i,  2, 
True  molars.    (After  Cope.) 

by  Dr  Filhol  to  Proalurus^  and  would  change  the  name  to  Haplo- 
gale^  and  place  it  in  the  Mustelida,  The  typical  Fseudalurus  has 
three  lower  premolars,  and  no  inner  cusp  to  the  lower  carnassial ; 
but  in  F,  intermediuSy  which  Dr  Schlosser  makes  the  type  of  the 
genus  Stetwgaie,  there  were  four  lower  premolars  in  some  instances, 
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and  the  lower  camassial  retained  a  small  inner  cusp.  Turning  to  the 
consideration  of  fossil  forms  which  may  undoubtedly  be  included  in 
the  present  family  in  the  sense  in  which  it  is  here  employed,  we 
find  that  they  have  a  larger  number  of  teeth  than  existing  forms, 
and  many  or  all  of  them  retain  the  alisphenoidal  canal.  Of  these 
yElurictis  {^lurogaie)  is  typically  represented  by  a  large  species 
in  the  Quercy  Phosphorites  of  France,  and  has  also  been  recorded 
from  the  Pliocene  of  India.     The  formula  of  the  cheek-teeth  is 

Fm,  .-^„  M,  , ^,  :  but  it  is  not  improbable  that  this  genus  may 

(3-4)  (1-2) 

prove  inseparable  from  Nimravtis  (fig.  1329),  in  which  the  number 
of  lower  premolars  is  reduced  to  two.     Other  allied  genera  from  the 

North  American  Miocene  are  Archalurus,  with  Fm.  /— 7~y  ^-     J 

Fogonodon  (fig.  1330),  with  Fm.   -,  M.  -  ;  and  Hoplophoneus^  with 

(2-3)  I  ^  ' 

Fm,  ,  J/.  -.     In   addition  to  the  generally  large  number  of 

premolars,  and  the  presence  of  a  second  lower  true  molar,  this  group 


Fig;,  1130,— The  right  tatcral  aspect  of  thi^  skull  of  J'&gpmfdim  J^iatjKtf^s;  itom  the  Mieoew 
of  Ntirib  America.  Abuui  two'fiftks  naturaJ  >ixe.  3,  3,  4,  PremoUre ;  1,  True  rooJar:  ^, 
Piwtgfknoid  pr»xcj.s.     (After  Cope. J 

exhibits  the  Viverroid  feature  of  a  talon,  and  sometimes  an  inner 
cusp  (Hi}pif^pkoneHs\  to  the  lower  carnassial,  and  the  general  absence 
of  the  first  lobe  in  the  irorres ponding  upper  tooth  (fig,  1329)*  In 
several  of  the  genera  the  front  of  the  mandibular  symphysis  is  angu- 
latcd  and  furnished  v^ith  a  descending  flange,  as  in  fig,  1330.  In 
Hi*plophim€us,  of  \\hich  the  entire  skeleton  has  been  described  by 
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Messrs  Scott  and  Osbom,  the  hallux  was  well  developed,  there  is  a 
distinct  line  in  the  scapholunar  indicating  the  boundaries  of  the 
scaphoid  and  lunar,  and  the  femur  has  a  third  trochanter ;  the  two 
last-named  features  being  regarded  by  the  above-mentioned  author- 
ities as  inherited  from  a  Creodont  ancestor. 

Turning  to  the  true  Cats  we  have,  among  existing  forms,  the 
Hunting-Leopard  of  India,  forming  the  genus  Cynalurus^  which  is 
distinguished  by  its  non-retractile  claws:  it  may  be  represented 
in  the  Pliocene  of  India.  All  the  other  "Cats"  may  be  included 
in  the  genus  Felis^  although  some  writers  have  proposed  to  split 
it  up  into  several  genera.  This  genus  is  spread  over  the  temperate 
and  tropfcal  regions  of  the  greater  part  of  the  globe.  Although 
there  are  five  digits  in  the  manus,  the  hallux  of  the  pes  is  reduced 
to  a  rudiment  of  its  metatarsal;  the  scapholunar  has  lost  all 
trace  of  its  primitive  duality;  and  the  third  trochanter  has  like- 
wise disappeared  from  the  femur.     The  dental  formula  is  usually 

7.  r,  C  -,  Pm,  5,  J/:  _ ;   but  in  some  instances  there  are  only  two 

3  I  2  I 

upper  premolars,  and  occasionally  there  are  three  lower  premolars  as 
an  abnormality.      The  upper  camassial  (^,  fig.   133 1)  has  three 


Fis*  i33<* — Lef^  lateral  view  of  the  dentition  of  the  Lion  {Felix  Uc).  Reduced.  t3,  3d  In- 
cisor ;  <r.  Canines;  /^^,  ad,  3d,  and  4th  upper  premolars ;  m,  True  molars;  /I,  /S,  3d  and  4th 
lower  premolars. 

lobes  and  a  small  inner  tubercle;  while  the  corresponding  lower 
tooth  {ibid,y  m)  has  no  inner  cusp  or  hind  talon,  although  the  letter 
is  represented  by  a  minute  tubercle  in  the  Lynxes.  In  Europe  this 
genus  makes  its  first  appearance  in  the  Middle  Miocene  of  France, 
and  in  North  America  in  the  Upper  Miocene  or  Lower  Pliocene 
Loup-Fork  beds. 

In  the  Pleistocene  of  Europe  we  meet  with  remains  which  cannot  be 
distinguished  specifically  from  the  existing  Lion,  although  the  fossil  form 
has  been  named  F,  spelaa.     Remains  of  the  Leopard  (F,  pardus)  also 

VOL.  n.  2  N 
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occur  in  the  Continental  cave-deposits  ;  while  in  the  corresponding  de- 
posits of  Gibraltar  we  meet  with  the  Pardine  Lynx  {F.  pardind) ;  and  in 
those  of  Bengal  we  find  remains  of  the  Jaguar  (F.  oncd)  and  Ocelot  (f. 
pardalis\  which  now  inhabit  the  same  regions.    In  the  Pliocene  Siwaliks 


Fig.  Z333. — Left  lateral  view  of  cranium  (a),  and  larser  view  of  an  upper  canine  (b)  of 
Macfutrodut  megtuUkertum  ;  from  the  Upper  Pliocene  of  France.    Roiuced. 

of  India  we  meet  with  the  huge  F.  cristata^  which  shows  characters 
connecting  it  both  with  the  Tiger  and  the  Jaguar ;  and  also  smaller  fonns, 
one  of  which  appears  to  have  been  closely  allied  to  the  existing  F.  benga- 
lensis.     In  the  Pliocene  of  North  America  large  Cats  were  represented 

pm.  3  pm.  4   w.  I 


Fig.  Z333. — Outer  view  of  the  left  ramus  of  the  mandible  of  Machttrodus  mmUnsisl 
from  the  Pliocene  of  India.    One-third  natural  size. 

by  F.  augusta  and  F.  atrox.  In  Europe,  again,  numerous  species  occur 
in  the  Pikermi  beds  of  Greece  ;  and  we  may  also  mention  the  compara- 
tively small  F.  arvemensis  and  F.  issiodorensis^  of  the  French  Pliocene, 
one  of  which  probably  also  occurred  in  the  corresponding  deposits  of 
Persia. 

The  most  remarkable  of  the  true  Cats  are,  however,  the  extinct 
Machaerodonts  or  Sabre-toothed  Tigers,  which  are  characterised  by 
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F*8'  X334«— Oral  aspect  of  the 


the  enormous  development  of  the  upper  canines  of  the  males,  by 
the  presence  of  a  deep  descending  flange  in  the  mandibular  sym- 
physis for  the  protection  of  the  latter,  and  the  angulation  of  the 
anterior  extremity  of  this  symphysis ;  the  structure  of  the  carnassial 
teeth  being  usually  of  the  type  of  those  of  the  existing  Cats.  In 
the  typ>e  genus  Macharodtis  (fig.  1332),  which  may  be  taken  to  in- 
clude Smiiodon^  Drepanodon^  and  Trucifelis^  there  are  three  incisors 
in  each  jaw ;  the  premolars  in  the  upper  jaw  never  exceed  two,  and 
there  may  be  either  two  or  only  one  of 
these  teeth  in  the  lower  jaw;  the  latter 
variation  occurring  in  different  individuals 
of  a  single  species.  The  upper  carnassial 
(fig.  1334)  is  usually  like  that  of  Felis ; 
but  in  the  South  American  M.  neogaus 
(fig-  1335)  it  has  four  distinct  lobes,  and 
is  thus  the  most  complex  example  of 
this  type  of  tooth  that  is  known.  This 
genus  ranges  in  time  from  the  Quercy 
Phosphorites   to    the    Pleistocene,    and   is 

found  in  America,  Europe,  Persia,  and  JSSi'oVW^T^r,*?^^^^ 
India.  The  South  American  M,  necator  «*;  from  the  Pliocene  of  India, 
stands  alone  among  the  Felidce  in  having 

no  foramen  to  the  humerus.  The  last  genus  of  the  family 
is  the  curious  Eusmiius,  of  the  Quercy  Phosphorites,  in  which 
there  are  only  two  incisors  and 
one  premolar  in  the  mandible, 
and  the  descending  flange  of  the 
sjrmphysis  of  the  latter  is  of  enor- 
mous depth.  The  existence  of 
this  extremely  specialised  form 
at  such  an  early  epoch  is  note- 
worthy ;  not  less  so  being  the 
total  extinction  of  the  Machaero- 
donts,  which,  it  has  been  suggested, 
may  be  due  to  their  excessive  spe- 
cialisation having  rendered  them 
incapable  of  obtaining  their  sub- 
sistence. 

Suborder  3.  Creodonta.  — 
The  members  of  the  suborder 
Creodonta  (or  Carnivora  Primi- 
genia)  are  all  extinct,  and  their 
serial  position  has  led  to  much  discussion.  By  some  authorities 
they  have  been  classed  with  the  Polyprotodont  Marsupials ;  from 
which,  however,  they  differ  by  the  presence  of  a  complete  milk-den- 


F>?-  '33S-— Right  lateral  view  of  the  skull 
of  Maclurrodus  neo^ttus;  from  the  Pleisio* 
cene  of  South  America.    Greatly  reduced. 
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dtion,  by  the  reduced  number  of  incisors,  and  the  absence  of  the 
inflection  of  the  angle  of  the  mandible,  and  of  palatal  vacuities. 
By  others  they  have  been  regarded  as  closely  allied  to  certain  fami- 
lies of  the  Insectivora,  and,  together  with  the  latter,  are  classed  as  a 
section  of  a  large  and  ill-defined  order  termed  the  Bunotheria; 
while  a  third  writer  ranks  them  as  an  order  of  equal  value  with  the 
existing  Insectivora  and  Camivora.  Their  relationship  appears, 
however,  on  the  whole,  to  be  decidedly  nearest  to  the  true  Cami- 
vora, and  they  are  accordingly  here  classed  as  a  division  of  that 
order.  They  undoubtedly,  however,  exhibit  affinities  to  the  Insect- 
ivora, from  which  they  are  distinguished  by  the  Carnivorous  type  of 
their  incisors  and  canines ;  while  the  remarkable  resemblance  ex- 
isting between  their  cheek-teeth  and  those  of  the  Poljrprotodont 
Marsupials  is  probably  indicative  of  a  distinct  genetic  relationship 
with  that  group.  Mention  has  already  been  made  of  their  resem- 
blances to  the  Condylarthrous  Ungulates. 

The  following  are  the  chief  characters  of  this  suborder:  The 
brain  is  of  relatively  small  size ;  the  fourth  upper  premolar  and  the 
first  lower  true  molar  are  not  differentiated  as  an  opposed  pair  of 
carnassials,  but  resemble  more  or  less  closely  the  tooth  immediately 
behind  or  in  front  of  them,  which  is  either  conical  or  of  a  more  or 
less  secant  type ;  and  the  upper  true  molars  are  either  subtriangular 
or  simply  secant  The  tibial  face  of  the  astragalus  is,  moreover, 
generally  devoid  of  a  groove ;  the  scaphoid  and  lunar  are  usually 
separate ;  the  femur  has  a  third  trochanter ;  and  the  feet  were  plan- 
tigrade. In  all  cases  where  there  is  the  full  number  of  incisors,  the 
second  pair  in  the  lower  jaw  is  thrust  up  above  the  other  two,  as  in 
so  many  of  the  Camivora  Vera,  The  structure  of  the  cranium  ap- 
proximates to  that  of  Amphicyon, 

Family  HYiBNODONXiDiE. — This  family  includes  the  most  special- 
ised forms.  The  dentition  (fig.  1336)  is  of  a  markedly  sectorial 
type,  the  inner  tubercle  of  the  hinder  upper  cheek-teeth  being  very 
small;  and  there  is  no  inner  cusp  to  the  lower  true  molars.  In 
the  type  genus  the  scaphoid  and  lunar  of  the  carpus  were  united. 

Hyanodon  has  the  dental  formula  L     ,  C  -,  Pm,  \  M.  -\  the 

3143 
inner  tubercle  of  the  two  upper  true  molars  is  almost  wanting,  and 
the  third  lower  true  molar  differs  from  the  two  teeth  in  front  (fig. 
1336),  and  somewhat  resembles  the  camassial  of  Felis,  This  genus 
includes  species  varying  in  size  from  a  Leopard  {H,  horridus)  to  a 
small  Fox  {H.  vulpinus\  and  is  widely  distributed  both  in  time  and 
space.  Thus  it  is  found  in  Europe,  and  also  in  North  America, 
where  it  ranges  from  the  Upper  Eocene  to  the  Lower  Miocene; 
while  in  India  it  survived  into  the  Pliocene.  One  species  has  been 
found  in  the  Upper  Eocene  of  Hampshire.     The  species  from  the 
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Upper  Miocene  of  North  America  is  remarkable  as  being  the  only 
known  Mammal,  except  certain  Edentates  and  Cetaceans,  in  which 
the  pterygoids  unite  beneath  the  nasal  passage.  One  of  the  Euro- 
pean forms  was  originally  described  as  Taxotherium,  In  the  allied 
Fterodofiy  which,  together  with  Oxhyana^  some  writers  refer  to  a 
distinct  family,  the  third  upper  true  molar  is  present,  and  has  a 


Fig.  X336.— Right  lateral  aspect  of  the  dentition  of  Hyanodon  korriduSt  wanting  the  teeth  in 
advance  of  the  second  lower  premolar :  from  the  Miocene  of  North  America.  Reduced.  (After 
Leidy.) 

transversely  elongated  crown;  there  may  be  either  two  or  three 
upper  incisors,  and  the  first  lower  premolar  is  sometimes  absent. 
The  first  and  second  upper  true  molars  differ  from  those  of 
Hyanodon  by  the  large  size  of  their  inner  tubercle,  and  the  last 
true  molar  is  like  the  second ;  the  cranium  in  many  respects 
resembles    that    of  Amphicyon.      This    genus    is    represented  by 


Fig.  1337.— The  left  side  of  the  anterior  half  of  the  palate  of  Oxhyttna  gaUia  : 
from  the  French  Phosphorites. 

three  comparatively  large  species  from  the  Upper  Eocene  (Lower 
Oligocene)  of  Europe.  An  allied  form,  from  the  French  Phos- 
phorites, has  been  named  Pseudopterodon^  and  connects  the  former 
genus  with  Theuritheriutn,  The  remarkable  genus  Oxhyana^  of  the 
North  American  Eocene  and  the  French  Phosphorites,  has  an  elon- 

(2-3) 
gated  mandibular  symphysis,  with  the   dental   formula  /.  ^ — -, 

o 

T  il  2 

C  -,  Ptn,  -,  M,  -  ;  the  species  figured  in  the  woodcut  having  only 
I  42 
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two  upper  incisors.  Protopsalis  is  another  Eocene  American  genus ; 
while  Hemipsalodon^  from  the  White  River  Miocene  of  Canada,  is  the 
largest  form  yet  known  in  the  suborder,  and  has  the  full  typical 
Eutherian  dentition. 

Family  PROvivERRiDiE. — ^The  members  of  this  family  (fig.  1338) 
are  characterised  by  the  large  size  of  the  inner  tubercle  of  the  upper 


Fig.  1338.— Skull  (a,  h^  c)  and  tarsus  (ji)  of  Prcviverra  IVkitia;  from  the  Wasatch  Eocene 
of  Wyoming,  U.S.A.    Two*thirds  natural  size. 

true  molars,  and  by  the  presence  of  an  inner  cusp  to  the  blade  of 
those  of  the  lower  jaw.  The  type  genus  Proviverra  (Cynohyanodon 
or  Stypolophus)  occurs  in  the  Upper  Eocene  of  both  Europe  and 
North  America ;  one  of  the  European  forms  being  from  the  Quercy 
Phosphorites.    The  skull  (fig.  1338)  is  elongated,  and  the  lower  true 
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molars,  which  are  differentiated  into  a  blade  and  a  hinder  tuber- 
cular talon,  closely  resemble  the  lower  carnassial  of  Dasyurus  (fig. 
1145)  among  the  Marsupials,  and  of  Cynodictis  and  Viverra  in  the 
Camivora  Vera,  and  thus  indicate  how  the  latter  group  has  in  all 
probability  been  derived  from  a  form  allied  to  the  present  family ; 
the  hinder  lower  molars  of  the  Carnivora  Vera  having  become 
tubercular  and  non-secant.  Other  members  of  this  family  found 
in  the  Lower,  or  Puerco,  Eocene  of  North  America  are  Deitatherium^ 
Chriacus^  and,  according  to  Professor  Cope,  Miociosnus^  and  prob- 
ably Trtisodon  and  Onychodectes,  Dideiphodus^  from  the  higher 
Eocene  of  America,  may  also  be  placed  here,  as  well  as  Quercy- 
therium,  from  the  French  Phosphorites,  and  perhaps  Galethylax^  of 
the  Paris  Eocene.  Conoryctes  and  Hetniganus  are  allied  Puerco 
types ;  the  latter  being  distinguished  by  the  fusion  of  the  roots  of 
the  upper  true  molars,  and  hence  regarded  by  Professor  Cope  as  the 
type  of  a  distinct  family  showing  signs  of  affinity  with  the  Tillodontia. 

Family  ARcrocYONiDiE. — ^This  family  is  typified  by  the  genus 
Arctocyon^  of  the  Lower  Eocene  of  France,  with  which  may  be 
classed  Hyodectes  and  Jfeterodorus,  of  the  Lower  Eocene  of  Rheims. 
Dr  Schlosser  suggests  that  Miodanus  should  come  in  this  family. 

Family  MESONYCHiD-ffi. — ^The  members  of  this  family  are  short- 
jawed  forms,  usually  having  the  typical  number  of  teeth,  which  are 
less  different  than  in  the  other  families  from  those  of  the  Carnivora 
Vera.  The  type  genus  MesonyXy  from  the  North  American  Eocene, 
has  a  grooved  astragalus ;  and  other  genera  which  are  referred  to 
this  family  are  Dissacus,  SarcothrausteSy  and  Patriqfelis^  from  the 
latter  area,  and  not  improbably  Theuritherium^  of  the  French 
Phosphorites.  Dissacus  has,  however,  no  trochlea  to  the  astragalus, 
and  is  therefore  nearer  to  the  Proviverrida,  AmblyctonuSy  of  the 
North  American  Eocene,  is  an  allied  form  with  the  astragalus  not 
^ooved,  on  which  account  it  has  been  regarded  as  the  type  of  a 
distinct  family.  Palaonictis^  of  the  Lower  Eocene  of  France,  may 
be  allied. 

Family  Uncertain. — A  few  genera  cannot  at  present  be  defi- 
nitely placed.  These  comprise  Thylacomorphus^  from  the  French 
Phosphorites,  which  it  has  been  suggested  may  be  identical  with 
Prcviverra ;  and  Dasyurodon^  or  Apterodon^  from  the  Lower  Mio- 
cene (Middle  Oligocene)  of  Flonheim,  which  Dr  Schlosser  thinks 
may  turn  out  to  be  the  same  as  Oxhyana  gallia,  Dromocyon^  of 
the  Bridger  Eocene,  is  not  improbably  founded  upon  a  very  old  in- 
dividual of  Mesonyx ;  while  the  imperfectly  known  ArgiUotherium^ 
from  the  London  Clay,  may  prove  to  be  identical  with  one  of  the 
American  genera.  Finally,  it  should  be  mentioned  that  Dr  Schlosser 
would  place  in  this  suborder  the  genus  PiatychcsropSy  which  is  here 
classed  with  the  Tillodontia. 
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CLASS   MAMMALIA— conHnued. 

Orders  Insectivora,  Chiroptera,  and  Primates. 

Order  IX.  Insectivora. — ^The  Insectivora  are  a  group  of  small 
Mammals,  not  very  readily  defined  from  the  characters  of  their  bones 
and  teeth.  The  teeth  are  well  developed,  and  generally  easily 
separable  into  the  usual  four  divisions,  although  in  certain  cases  the 
distinction  between  incisors,  canines,  and  premolars  is  not  very 
clear.  The  dentition  is  diphyodont  and  heterodont;  the  cheek- 
teeth are  always  rooted,  and  their  crowns  carry  a  number  of  minute 
pointed  cusps ;  the  crowns  of  the  upper  true  molars  being  either 
subquadrangular  or  triangular  in  shape.  The  first  pair  of  incisors 
in  some  cases  are  not  in  contact  in  the  middle  line ;  and  the  canines 
are  often  weak.  The  zygomatic  arches  of  the  skull  are  usually  either 
weak  or  entirely  absent ;  clavicles  are  present  in  all  existing  forms 
except  Potamogale ;  in  the  carpus  the  scaphoid  and  lunar  are 
separate;  the  feet  are  usually  either  entirely  or  partially  planti- 
grade, and  their  digits  are  generally  five  in  number,  with  the  ter- 
minal phalangeals  unguiculate,  narrow,  and  subcylindricaL  Certain 
Insectivores,  such  as  the  Moles  and  Gaieopithecus^  are  remarkable 
as  being  the  only  Mammals  in  which  ossified  vertebral  intercentra 
are  known  to  have  been  developed  in  the  dorso-lumbar  region.  As 
a  rule  the  humerus  has  a  foramen. 

Fossil  forms  apparently  indicate  a  relationship  on  the  one  hand 
with  the  Creodont  Carnivora,  and  on  the  other  with  the  Lemuroid 
Primates ;  those  genera  with  square-crowned  upper  true  molars  2S^ 
proximating  to  the  latter  group,  while  those  in  which  the  crowns  of 
these  teeth  are  triangular  show  the  nearest  affinity  to  the  former. 
Dr  Schlosser  concludes,  with  great  probability,  that  the  Lemuroids, 
Insectivores,  and  Creodonts  are  all  diverging  branches  from  a 
common  stock,  which  may  also  have  given  origin  to  the  Condy- 
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larthrous  Ungulates.  The  resemblance  of  the  molars  of  Tupaia  to 
those  of  the  Marsupial  genus  PeraiHetes^  and  that  between  the  same 
teeth  in  the  Creodonts  and  the  Dasyurida^  further  suggests  the 
connection  of  this  common  stock  with  the  ancestral  types  of  the 
Polyprotodont  Marsupials.^  The  Insectivores  agree  with  the  Lemur- 
oids  not  only  in  dental  characters,  but  also  in  the  presence  of 
clavicles,  in  their  plantigrade  feet,  and  the  discoidal  placenta ;  and 
it  is  indeed  quite  evident  that  the  ancestral  stock  of  the  Primates 
must  have  been  provided  with  complete  clavicles. 

This  order  may  be  divided  into  the  suborders  Insectivora  Vera 
and  Dermoptera.  The  former  may  be  further  subdivided  into  two 
sections,  in  the  first  of  which  the  molars  have  broad  and  squared 
crowns,  with  their  cusps  frequently  arranged  like  the  letter  W,  while 
in  the  second  section  the  crowns  of  these  teeth  are  narrow  and 
V-shaped,  with  the  apex  of  the  V  directed  inwardly  (tritubercular). 
The  Dermoptera,  represented  only  by  the  volant  genus  Galeopi- 
thecuSy  are  unknown  in  a  fossil  condition.  It  should,  however,  be 
observed  that  this  genus,  although  not  on  the  direct  line  of  descent, 
indicates  the  manner  in  which  the  Insectivores  have  become  modi- 
fied into  the  Bats.  The  first  section  of  the  Insectivora  Vera 
comprises  the  existing  Tupaiiddy  Macroscelidida^  Erincueida^  So- 
riddigy  and  Talpida^  together  with  the  extinct  Microcharida  and 
Dimylida, 

Family  TuPAiiDiE. — ^The  Tupaias  are  small  arboreal  Insectivores 
confined  at  the  present  day  to  the  Indo-Malayan  region.  The 
genus  FarasoreXy  from  the  Middle  Miocene  of  the  Continent,  has 

the  dental  formula  /.  - ,  C    ,  Fm.  -,  M.  -,  and  may  be  provision- 

3143 
ally  placed  in  this  family,  although,  according  to  Dr  Schlosser,  it 
approximates  in  several  respects  to  the  Macroscelidida.  There  is 
one  more  upper  incisor  and  one  more  premolar  in  each  jaw  than  in 
TupatGy  and  the  last  two  premolars  are  somewhat  more  complex. 
The  above-mentioned  writer  regards  this  genus  as  the  representative 
of  a  group  connecting  the  Tupaiida  of  Asia  with  the  Macroscelidida 
of  Africa.  An  Insectivore  from  the  Middle  Miocene  of  Sansan, 
described  as  Lantanotherium^  is  said  to  be  very  nearly  allied  to 
Tupaia. 

Family  ERiNACEiDiE. — Since  the  Macroscelidida  are  at  present 
unknown  in  a  fossil  state,  we  may  pass  to  the  Erinaceida  or  Hedge- 
hogs.    In  the  typical  genus  Erinaceus  (fig.  1339)  the  dental  formula 

is  L  -,  C,  -,  Fm.  -^M,  - ;  the  first  pair  of  upper  incisors  are  large, 

*  On  embrjrological  grounds  some  authorities  are  disposed  to  regard  the  Mar- 
supials as  being  off  the  line  of  Eutherian  ancestry ;  but  it  must  be  borne  in  mind 
that  the  evidence  only  includes  existing  types. 
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and  separated  from  one  another  by  a  space,  the  five  succeeding 
teeth  small  and  conical,  the  last  premolar  and  the  two  first  true 
molars  broad  and  cusped,  while  the  last  tooth  is  very  small ;  and 
there  is  a  vacuity  on  either  side  of  the  hinder  part  of  the  ipahXe, 
The  existing  £.  europctus  has  been  found  fossil  in  the  Pleistocene; 
a  small  species  occurs  in  the  Upper  Miocene  of  (Eningen,  in  Switzer- 


Fig.  1339.— Left  lateral  view  of  the  skull  of  the  Hedgehog  {Erittaeeut  euro^aus). 

land,  and  others  are  found  in  the  Middle  Miocene  of  France.  In 
the  Lower  Miocene  of  the  same  country  occurs  the  genus  Palaoeri- 
naceus,  distinguished  from  Erinaceus  by  the  absence  of  vacuities  in 
the  palate,  and  the  greater  relative  width  of  the  latter.  An  appar- 
ently allied  form  fi*om  the  French  Miocene  has  been  described  by 
Gervais  under  the  name  of  Erinaceus  arvernensis^  which  is,  how- 
ever, not  the  same  as  E,  arvernensis  of  De  Blainville.  From  the 
Quercy  Phosphorites  there  have  been  obtained  remains  of  other 
members  of  this  family  more  nearly  allied  to  the  existing  Gymnura 
of  Madagascar,  but  presenting  characters  which  also  link  them  very 
closely  with  Erinaceus  through  Falaoerinaceus,  These  Quercy 
forms  have  been  referred  to  three  genera  under  the  names  of 
NeurogymnuruSy  Cayluxoiherium^  and  Comphotherium^  but  it  ap- 
pears probable  that  the  second  is  a  synonym  of  the  first.     The 

teeth  of  Neurogymnurus  and 
Cayluxotheriumdcrt  like  those 
of  Gymnura^  but  the  palate 
has  vacuities  as  in  Erinac- 
eus;  Comphoiherium  is  dis- 
^  C^      tinguished  by  a  cingulum  to 

Fip.  1340.— Palatal  view  of  the  right  upper  cheek-      the  loWCr  tTUe  molars,  which 
dentitionofJ/frrocAdrrKfrrvNocrKr;  from  the  Upper        ,  ,  ^ 

Eocene  of  Hordweii.  also    occurs    m     GymnuTO, 

Neurogymnurus     has     also 
been  recorded  from  the  Upper  Eocene  of  Hampshire. 

Family  MiCROCHCERiDiE. — The  genus  Microcharus  {^%,  i34o)» 
from  the  Upper  Eocene  of  Hordweii,  with  which  Heterohyus,  of 
the  corresponding  beds  of  France,  may  be  identical,  agrees  with 
Erinaceus  in  showing  an  interval  between  the  first  upper  incisors  of 
either  side,  and  may  be  provisionally  placed  in  this  order.     It  has 
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been  r^arded  as  allied  to  the  Lemuroid  Byopsodus,  but  Professor 
Osbom  states  that  it  is  really  very  different     The  dental  formula 

may  be  given  approximately  as  7.  ir,  (7.  -,  Fm,  ^,  M,  -.     The  two 

upper  incisors  have  compressed  crowns,  somewhat  like  those  of  the 
two  succeeding  teeth ;  but  the  last  two  premolars  and  the  true  molars 
have  broad  and  flat  crowns,  carrying  a  number  of  small  cusps. 

Family  DiMVLiDiE. — This  family  is  proposed  by  Dr  Schlosser 
for  the  genera  Dimylus  and  Cordylodon ;  two  minute  Insectivores 
from  the  European  Miocene  which  appear  to  be  related  to  the 
Erincueida, 

Family  SoRiciDiE. — The  Soridda^  or  Shrews,  are  readily  charac- 
terised by  their  dentition,  in  which  the  first  upper  incisor  is  large 
and  furnished  with  a  basal  tubercle,  while  between  it  and  the  last 
premolar  there  are  a  variable  number  of  small  incisors  and  premo- 
lars, together  with  the  equally  minute  canine.  In  the  mandible  the 
number  of  teeth  is  always  /.  i,  C  i,  Pm,  i,  J/!  3  ;  the  incisor  being 
proclivous  and  much  produced  forwards,  and  the  canine  the  smallest 
tooth  of  the  series.  Existing  species  of  Sorex^  and  perhaps  of  Crosso- 
pusj  occur  in  the  Norfolk  Forest-bed,  while  a  species  of  the  former 
genus,  regarded  as  extinct,  has  been  recorded  from  the  Pleistocene 
breccias  of  Sardinia.  Existing  species  of  Sorex  or  Crocidura  also 
occur  in  the  caverns  of  Madras.  Numerous  forms  have  been  re- 
corded from  the  Continental  Tertiaries,  ranging  from  the  Miocene 
to  the  Quercy  Phosphorites,  some  of  which  are  referred  to  Sorex^ 
while  others,  such  as  the  Quercy  species,  have  been  regarded  as 
generically  distinct,  and  named  Amphisorex.  Dr  Schlosser  thinks 
that  Orthaspidotherium  and  Fleurasptdotherium,  mentioned  on  p. 
1288,  might  be  placed  here. 

Family  TALPiDiE. — The  Taipida,  or  Moles  and  Desmans,  are 
closely  allied  to  the  Soricida^  although  easily  distinguished  by  the 
non-production  of  the  first  lower  incisor ;  they  are  usually  of  fos- 
sorial,  but  in  some  cases  are  of  natatorial  habits.  This  family  is 
divided  into  the  Myogalina  and  the  Talpina ;  in  the  former  the 
humerus  and  clavicle  being  moderately  elongated  In  this  sub- 
family the  aquatic  type  genus  Myogale^  in  which  the  dentition  {fig. 

1341)  is  /  -,  (7.  -,  Fm,  -,  M,  -,  is  represented  in  the  Norfolk 

31  4  3 

Forest-bed  by  the  existing  Desman  (M,  nioschata\  of  the  rivers  of 
Russia ;  the  fossil  form  having  been  originally  described  under  the 
name  of  Falaospalax,  Remains  of  this  genus  have  also  been  ob- 
tained from  the  Middle  and  Lower  Miocene  of  France.  TetracuSy 
from  the  Lower  Miocene  of  Ronzon,  near  Puy-en-Velay,  is  a  small 
Insectivore  apparently  presenting  affinities  both  with  Myogale  and 
JErinaceus  ;  and  allied  to  this  genus  are  two  other  imperfectly  known 
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Fig.  1341. — Palatal  view  of  right  upper  and  lower 
dentilion  of  MyogaU  moschattu    Europe. 


forms  from  the  French  Lower  Miocene,  to  which  the  names  Echino- 
gale  and  Mysarachne  have  been  applied  These  genera,  and  per- 
haps the  following  one,  seem  to  show  indications  of  a  transition 
between  the  existing  members  of  the  Erinaceida^  Saridda^  and  Tal- 
pida ;  and  thus,  t6gether  with  the  imperfect  nature  of  the  remains 

by  which  they  are  known, 
render  the  determination  of 
their  serial  position  a  matter 
of  great  difficulty.  The 
French  Lower  Miocene  has 
also  yielded  the  allied  genus 
Plesiosorex  {hg.  1342),  which 
appears  to  have  belonged  to 
the  present  subfamily,  but 
is  only  known  by  the  man- 
dible, in  which  there  are  ten 
teeth.  The  smaller  Amphi- 
dozotherium^  from  the  Quercy 
Phosphorites,  is  said  to  be 
allied  to  the  existing  fossorial 
genus  Urotrichus  of  Japan  and  North  America.  In  the  second 
subfamily,  or  Talpina^  in  which  the  humerus  and  clavicle  are  of 
enormous  relative  breadth,  the  typical  genus  Talpa  (fig.  1 343)  has 
the  same  dental  formula  as  in  Myogale,  The  common  Mole,  7! 
europcea^  occurs  fossil  in  the  Norfolk  Forest-bed,  while  a  species 
from  the  Pleistocene  breccia  of  Sardinia  is  regarded  as  peculiar, 

and  named  T,  tyrrhenaka. 
The  genus  itself  is  apparently 
as  old  as  the  Lower  Miocene, 
although  the  species  {T,  teUu- 
ris)  from  the  middle  stage  of 
that  period  has  been  distin- 
guished by  some  writers  as 
Hyporyssus^  and  the  one  from 
the  lower  stage  (T.  acuHdens) 
as  Geotrypus?-  The  Quercy 
Phosphorites  have  yielded  a 
very  closely  allied  form,  which 
is,  however,  regarded  by  its  describer  as  generically  distinct,  and 
named  Protalpa  cadurcensis.  From  the  Eocene  of  North  America 
an  allied  genus  has  been  described  under  the  name  of  Talpavus; 
but  the  so-called  Herpetotherium^  of  the  Miocene  of  the  same 
country,  which  has  been  regarded  as  related  to  the  Moles,  is 
referred  to  Didelphys  (fig.   1151,  p.  1281). 

^  Preoccupied  by  Geatrupes  in  the  Coleoptera. 


Fig.  X349. — Left  ramus  of  lower  jaw  of  Plena- 
sortx  soriciHoides,  wanting  the  last  true  molar 
and  the  teeth  between  the  first  incisor  and  the 
fourth  premolar;  from  the  Lower  Miocene  of  the 
Auvergne.  Twice  natural  size.  (After  De  Blain- 
vUle.) 
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Pis*  >34> — Lateral  view  of  right  dentition  of  the 
Mole  iTai/aeur0/aa%    Enlaiiged. 


Family  ADiPOSORiciDiE. — ^This  family  contains  the  minute  Adipo- 
sarex  and  Adiposoricuius,  from  the  Lowest  Eocene  of  Rheims,  which 
Dr  Schlosser  regards  as  related  to  the  Shrews,  but  forming  a  distinct 
family,  attaining  a  higher  degree  of  development 

Family  LEPTicxiDiE  (IcxopsiDiE). — The  second  section  of  the 
Insectivora  Vera  includes  the  recent  families  Potamogalid<By  Soleno- 
dontida^  Cenictidc^^  and  Chrysochlorida ;  and  we  may  provisionally 
place  in  the  same  neighbour- 
hood the  family  Leptictidct  of 
the  North  American  Eocene 
and  Miocene.  The  latter 
forms  are  regarded  by  Dr 
Schlosser  as  true  Insectivora, 
although  they  were  placed 
by  Professor  Cope  near  the 
Hyanodontida,  The  family 
includes  the  genera  LepHctis^ 
Mesodectes^  Ictops^  and  per- 
haps Gtolabis, 

Finally  the  names  Cente- 
tadofiy  Entomodoriy  Entomacodon^  CentracodoHy  and  others  have  been 
applied  to  the  remains  of  small  entomophagous  mammals  from  the 
Lower  Tertiaries,  of  which  the  serial  position  is  doubtful. 

Order  X.  Chiroptera. — The  Chiroptera  are  characterised  by 
the  fiact  that  the  anterior  limbs  are  longer  than  the  posterior,  the 
digits  of  the  fore  limb,  with  the  exception  of  the  poUex,  being  enor- 
mously elongated  (fig.  1344).  These  elongated  fingers  are  united 
by  an  expanded  membrane  or  patagium,  which  is  also  extended 
between  the  fore  and  hind  limbs  and  the  sides  of  the  body,  and  in 
many  cases  passes  also  between  the  hind  limbs  and  the  tail.  The 
patagium  thus  formed  is  naked,  or  nearly  so,  on  both  sides,  and 
serves  for  flight.  In  the  manus  the  poUex,  and  sometimes  the  next 
digit  as  well,  is  unguiculate,  or  furnished  with  a  claw ;  but  the  other 
digits  are  destitute  of  nails.  In  the  hind  limbs  all  the  toes  are 
unguiculate,  and  the  hallux  is  not  in  any  respect  different  firom 
the  other  digits.  Well-developed  clavicles  are  always  present,  and 
the  radius  has  no  power  of  rotation  upon  the  ulna.  The  four 
kinds  of  teeth  are  always  present  (although  the  molars  are  aborted 
in  Desmodus\  and  the  dental  formula  is  never  known  to  exceed 

/.  -,  C.  i,  Fm.  2,  M,  k 

31  3         3 

This  order,  which  is  evidently  a  branch  from  the  Insectivorous 
stock,  is  divided  into  the  suborders  Megachiroptera  and  Micro- 
chiroptera.  The  former,  which  is  characterised  by  the  possession 
of  smooth  cheek-teeth,  marked  by  a  longitudinal  groove,  comprises 
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the  Pteropodid(By  or  Fruit-bats,  and  is  unknown  in  a  fossil  condition. 
In  the  latter,  which  comprises  all  other  Bats,  the  teeth  are  covered 
with  minute  pointed  cusps ;  nearly  all  the  species  being  of  com- 
paratively small  size.  The  most  remarkable  feature  presented  in 
the  past  history  of  this  order  is  the  occurrence  of  forms  closely 


Fig.  1344. —Skeleton  of  the  Mouse<olourcd  Bat  {yespertilio  mttrmus\  «,  Hnmerus:  h 
Scapula  ;  rf,  Radius,  with  the  rudimentsiry  ulna  at  its  proximal  end ;  «-,  Carpus; /,  Pollex;//, 
Metacarpals  ;  s  /,  Sternum  ;  /,  Pelvis ;  /,  Supplementary*  bone  attached  to  the  oucanenm. 

allied  to  those  of  the  present  day  as  low  down  as  the  Bridger 
Eocene  of  North  America,  which  indicates  that  the  characteristic 
features  of  the  order  were  probably  acquired  at  a  period  not 
later  than  the  Lower  Eocene  or  Cretaceous  epoch.  The  following 
families  of  Microchiroptera  may  be  noticed  : — 
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Family  RHiNOLOPHiDiE. — In  the  existing  genera  of  this  family 

II  2         % 

the  dental  formula  never  exceeds  /  -,  C  -,  Pm.  -,  Af.  -,  and  the 

21  3         3 

nose  carries  a  peculiar  leaf-like  expansion.  The  type  genus  jRAin- 
olophus^  in  which  the  dental  formula  is  as  above,  is  represented  in 
the  cave-deposits  of  Europe  by  remains  of  existing  species.  Two 
Bats,  from  the  Upper  Eocene  Phosphorites  of  France,  have  been 
referred  to  this  genus  under  the  names  of  R,  dubius  and  R,  antiquus^ 
but  the  latter  species  is  regarded  by  some  authorities  as  entitled  to 
generic  distinction,  and  the  term  Pseudorhinolophus  has  accordingly 
been  proposed  for  its  reception.  Alastor^  from  the  same  deposits, 
is  an  extinct  genus  characterised  by  the  extreme  shortness  of  the 
nasal  region  and  other  features  of  the  skull.  Palaonycteris^  from 
the  Lower  Miocene  of  France,  is  stated  to  be  allied  to  Rhinolophus, 

but  the  premolars  are  -,  and  the  limb-bones  are  said  to  resemble 

those  of  the  South  American  Molossus.     Phyilorhina,  in  which  the 

(1-2) 
premolars  are  ,  is  represented  by  the  living  oriental  P.  diadema 

in  the  Pleistocene  cave-deposits  of  Madras,  and  perhaps  by  a  species 
in  the  Quercy  Phosphorites. 

Family  VESPERXiLiONiDiE. — In  the  Vespertilionida  the  nose  does 
not  carry  a  distinct  follicular  appendage,  the  number  of  incisors  is 

(1-2) 

usually  ^^ \  and  in  some  genera  there  are  three  premolars  in  each 

3 
jaw.     Of  PlecotuSy  the  existing  P,   auritus  occurs  in  the  cavern- 

2 
deposits  of  Europe.      Vespcrugo^  with  incisors  usually  -,  and  pre- 

molars  ->  is  perhaps  represented  in  the  Upper  Eocene  of  the  Paris 

2 

basin  by  the  well-known  V,  parisiensis^  which  appears  closely  allied 
to  the  existing  V,  serotina^  although  generically  separated  by  some 
writers  under  the  name  of  Nyctitherium.  This  genus  has  also  been 
described  from  the  Eocene  of  North  America,  where  it  is  repre- 
sented by  several  species,  ranging  as  low  down  as  the  Bridger 
horizon,  some  of  which  have  been  described  under  the  name  of 
Nyctitherium,  Nyctilestes  serotinus^  from  the  same  deposits,  is  the 
type  of  an  allied  genus.  Remains  of  the  existing  V,  noctula  (fig. 
1345)  occur  in  the  English  Pleistocene.     In  the  type  genus  Vesper- 

21  3  3 

tilio  the  dental  formula  is  /.  -,  C  -,  Pm,  -,  M.  -.     The  existing 

31  3         3 

V.  murinus  occurs  in  the  cave-deposits  of  France,  and  a  considerable 
number  of  species  have  been  referred  to  this  genus  from  the  Middle 
Tertiaries  of  the  Continent,  but  the  generic  reference  must  be  con- 
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sidered  in  some  instances  as  open  to  doubt  Among  these  may  be 
mentioned  V,  murinoides^  from  the  Middle  Miocene  of  France,  and 
V,  precox  and  V.  insignis^  from  the  Lower  Miocene  of  Germany. 
A  Bat  from  the  Quercy  Phosphorites  originally  named  V,  Bour- 
guignati  has  been  made  the  type  of  a  distinct  genus  Vespertiliavus, 


Fig.  ii^^—yetptrugo  tioctula,^    Skull,  scapula,  and  fore  and  hind  limbs ;  from  a  fissure 
in  the  Mendip  Hills. 

and  differs  from  Vespertilio  in  the  proportions  of  the  premolars. 
Remains  of  numerous  existing  members  of  this  family  have  been 
recorded  from  European  caverns. 

Family  EMBALLONURiDiE. — ^This  is  an  extensive  family  showing 
great  variation  in  the  number  of  the  teeth,  and  mainly  charac- 
terised by  the  nose  and  muzzle  being  devoid  of  expansions,  and 
by  certain  peculiar  features  connected  with  the  tail.  All  its 
members  at  the  present  day  are  confined  to  tropical  and  sub- 
tropical regions.     In  Taphozotis^  of  which  the  dental  formula  is 

II  2  X 

L  -,  C,  -,  Ptn,  -,  M,  -,  remains  of  the  existing  7!  saccolamus  occur 
2'        i'  2'         3  ^ 

in  the  cave-deposits  of  Madras ;  and  Dr  Weithofer  considers  that 
certain  humeri  from  the  Quercy  Phosphorites  may  indicate  the 
occurrence  of  this  genus  in  the  Upper  Eocene.  In  the  Brazilian 
cave-deposits  we  meet  with  remains  of  a  Moiossus  {Dysope5\  prob- 
ably identical  with  the  living  M,  Temtnincki  of  the  same  region. 
Family  PHYLLOSTOMATiDiE. — The  last  family  is  that  of  the  Phyl 

^  In  the  previous  edition  this  figure  was  wrongly  named  V,  parisiensis. 
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Fig.  i346.~Lateral  view  of  the  skull  of  the  Javelin 
Bat  {jPkyllestonui  hastatum). 


Icstomatida^  now  confined  to  tropical  America,  and  distinguished  by 
the  presence  of  cutaneous  expansions  in  the  nasal  region,  as  well  as 
by  a  peculiarity  in  the  number  of  the  digits  of  the  manus.     In  this 
family    the    existing    yam- 
pyrus  spectrum^  having  the 

dental  formula  L   -,  (7.  -, 
2'        I 
2         3 
Pm,  -,  M.  -,  together  with 

several  undetermined  spe- 
cies of  Phyllostoma  (^g, 
1346),  in  which  the  pre- 
molars are  -,  occur  in  the 
2 

cave  -  deposits  of  Brazil. 
Curiously  enough  the  man- 
dible of  a  large  Bat,  from 
the  Quercy  Phosphorites, 
described  under  the  name  of  Necromantis^  appears  to  indicate  the 
occurrence  of  this  femily  in  the  European  Eocene. 

In  conclusion  it  should  be  observed  that  Professor  Cope  thinks 
that  a  small  Mammal  from  the  Miocene  of  North  America,  which 
he  has  described  under  the  name  of  Domnina^  may  possibly  belong 
to  the  Chiroptera. 

Order  XL  Primates. — ^This,  the  highest  order  of  Mammals, 

comprises  the  Lemurs,  Monkeys,  Baboons,  Apes,  and  Man.     The 

digits  are  unguiculate,  and  usually  five  in  number ;  and  in  existing 

forms,  with  the  exception  of  Man,  the  hallux  is  opposable  to  the 

other  digits.     The  pollex  may  be  wanting,  but  when   present  is 

usually  opposable  to  the  other  digits  of  the  manus.     The  dentition 

is  diphyodont  and  heterodont    In  the  existing  and  the  allied  extinct 

2 
genera  the  incisors  are  usually  -,  and  the  true  molars  (with  the 

3 
exception  of  the  Hapalidcc)  -  in  number.    The  crowns  of  the  cheek- 

teeth  are,  moreover,  always  adapted  for  grinding,  and  those  of  the 
true  molars  generally  consist  of  four  tubercles,  or  cusps,  which  may 
either  be  simple,  or  modified  so  as  to  form  imperfect  transverse 
ridges  or  crescents ;  but  some  extinct  types  have  tritubercular  upper 
molars. 

The  structure  of  the  premolars  is  always  simpler  than  that  of 
the  true  molars ;  and  in  many  Lemuroids  the  anterior  lower  pre- 
molar assumes  the  form  and  functions  of  a  canine,  as  in  the  Coty- 
lopida  (fig.  1347).  All  existing  forms  have  the  orbit  entirely  sur- 
rounded by  bone ;  while  complete  clavicles  are  present,  and  there  is 

VOL.  II.  2  o 
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no  entepicondylar  foramen  to  the  humerus,  nor  a  third  trochanter 
to  the  femur.  The  terminal  phalangeals  of  the  digits  are  flattened. 
In  the  soft  parts  there  is  a  discoidal  placenta,  as  in  the  Insectivora. 
In  our  present  state  of  knowledge,  it  is  difficult  to  draw  a  line 
between  the  more  generalised  fossil  representatives  of  this  order 
and  the  Insectivora.  Some  remarks  on  the  probable  origin  of  the 
Primates  have  been  already  made  under  the  head  of  the  last-named 
order,  while  others  are  added  below. 

Suborder  i.  Lemuroidea. — The  existing  members  of  this 
group  differ  in  many  respects  from  the  following  suborder,  but  at- 
tention may  be  directed  mainly  to  certain  osteological  and  dental 

characters.  Thus  the 
skull  (fig.  1347)  has 
a  somewhat  produced 
muzzle;  the  orbits  are 
not  closed  behind  by 
bone,  but  open  freely 
beneath  the  post-orbital 
bar  into  the  temporal 
fossa;  and  the  lachry- 
mal foramen  is  situated 
on  the  outer  surface  of 


Loris  {Nycticebus  tardif^raduis) ;  from  the  Malayan  re-       the  skull,  instead  of  with- 
gion.    I1)e  tusk-like  tooth  in  the  lower  jaw  is  the  second       .     ^,  ...       rnu  *-:i- 

premolar.    (After  Giebel.)  m  the  Orblt     The  nOStnlS 


Pis   1347.— Left  lateral  aspect  of  the  skull  of  the  Slow 
*oris  {Nycticebus  tardi/p 
_ion.    llie  tusk-like  tooth 
premolar.    (After  Giebel.) 

have  a  peculiar  twist  on 
the  outer  side.  The  incisors  vary  much  in  the  different  families, 
but  they  are  frequently  separated  in  the  middle  line,  and  are  usually 

-  in  number,  although  they  are  reduced  to  -  in  Chiromys;  those  of 
2  I 

the  lower  jaw  being  frequently  procumbent.     Canines  are  present 

except   in    Chiromys.       The    number    of    premolars   varies  from 

-  in  Chiromys  to  ^  in  the  extinct  Adapis,  but  is  generally  either 
o  4 

^  or  5 ;  while  frequently  the  second  lower  premolar  is  larger  than 
2       3 

either  of  the  following  teeth.  The  outer  tubercles  of  the  upper  true 
molars  (fig.  1349)  are  laterally  flattened,  while  the  inner  ones  fonn 
imperfect  crescents;  and  in  the  lower  molars  the  tubercles  like- 
wise form  a  pair  of  imperfect  crescents.  The  second  digit  of  the 
pes  has  a  long  claw-like  nail,  but  all  the  other  digits  have  nails ;  the 
digits  themselves  being  five  in  number,  and  the  long  pollex  being 
generally  opposable.  The  brain  has  but  few  convolutions,  and  the 
cerebellum  is  only  partially  covered  by  the  cerebrum. 

Many  of  the  foregoing  characters  are  common  to  other  orders, 
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such  as  the  Insectivora.  In  the  case  of  fossil  forms  it  appears,  in- 
deed, that  the  Lemuroids  can  only  be  distinguished  from  the  Insec- 
tivores  by  the  absence  of  the  cleft  in  the  terminal  phalangeals  of  the 
digits,  so  that  when  these  are  unknown  it  is  frequently  very  difficult, 
if  not  impossible,  to  determine  to  which  order  such  forms  should  be 
referred.  Since,  moreover,  as  we  have  stated  under  the  head  of  the  • 
Insectivora,  it  is  probable  that  Insectivores  and  Lemuroids  are  de- 
scended from  the  same  ancestral  stock  we  must  expect  to  find  the 
characters  common  to  the  two  groups  increasing  in  importance  and 
number  as  we  recede  in  time.  By  Professor  Cope  the  Lemuroids 
are,  however,  regarded  as  closely  allied  to  the  Condylarthrous  Un- 
gulates ;  and  that  writer  proposes  to  brigade  together  the  Primates, 
Condylarthra,  and  Hyracoidea  under  the  common  name  of  Taxeo- 
poda ;  the  Condylarthra  being  regarded  as  the  ancestral  type.  Now 
although  we  may  be  prepared  to  admit  the  derivation  of  the  Condly- 
arthra  from  the  common  stock  which  gave  origin  to  the  Insectivora 
and  Primates  (see  p.  1455),  Y^^  ^^^  apparent  absence  of  clavicles  in 
all  the  known  representatives  of  that  group  renders  it  at  least  pre- 
mature to  say  definitely  that  it  gave  rise  to  the  Primates.  At  the 
present  day  Lemuroids  are  confined  to  the  warmer  regions  of  the 
Old  World,  being  especially  characteristic  of  Madagascar  and  certain 
parts  of  Africa.  The  recent  forms  are  divided  into  the  families 
Zemurida,  Tarsiida,  and  CAiromyida, 

Family  Hvopsodontid/e, — This  family  name  was  proposed  by 
Dr  Schlosser  ^  for  the  reception  of  certain  North  American  Eocene 
forms  now  looked  upon  by  most  writers  as  undoubted  Lemuroids, 
although  some  of  them  have  been  classed  among  the  Insectivora. 
The  most  generalised  form  is  Pelycodus^  from  the  Eocene  of  New 
Mexico,  at  one  time  regarded  by  Pro- 
fessor Cope  as  an  Insectivore  alUed  to 
Tupaia,     Dr  Schlosser  states  that  it  pre- 
sents some  affinity  to  the  Insectivorous 
Aficrachcsrus,  which  he  places  in  the  same 
family.      Hyopsodus  (fig.   1348),  of  the 
American  Eocene,  has  the  dental  formula 

/.  -,   C.  -,  Pm.  -^  M,  ^i  the  third  upper       pig.  i3^8.-Paiatai  view  of  the 

21  43  left  upper  (a)  and  lower  (3)  dentition 

premolar  is  as  well   developed   as  the     t^^tt'Z^S^lHt^J^A^ 

second,  by  which  character  it  is  readily     Cop«) 

distinguished  from  Microcharus^  to  which 

it  has  been  compared.     Several  species  have  been  described,  of 

which  one  comes  from  the  Lower  or  Puerco  Eocene,  while  the  others 

are  from  the  higher  Wasatch  and  Bridger  horizons.     Microsyops  is 

^  Wrongly  given  as  Hyop5<^ida, 
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an  apparently  allied  form  from  the  North  American  E^ocene  said 
to  have  only  three  premolars.  In  Pelycodus  the  hallux  was  not 
opposable.  There  are  a  number  of  other  names  which  have  been 
applied  to  American  forms  of  uncertain  position,  but  since  the 
S3monymy  is  very  complex  nothing  would  be  gained  by  quoting 
them  here. 

Family  LEMURiDiE. — Passing  to  Lemuroids  more  closely  allied 
to  existing  forms  those  extinct  genera  may  first  be  noticed  many  of 
which  exhibit  the  generalised  feature  of  having  four  premolars  in 
either  jaw,  on  which  grounds,  coupled  with  certain  slight  differences 
in  the  form  of  the  lower  premolars,  Dr  Schlosser  regards  them  as 
constituting  a  distinct  family — the  Adapida.  We  may,  however, 
provisionally  follow  Professor  Flower  in  including  them  in  the  Ltmu- 
rida^  of  which  they  will  form  the  subfamily  Adapina,  The  best 
known  of  these  forms  is  the  type  genus  Adapts  {Aphelotherium^  or 
Paiaolemur),  from  the  Upper  Eocene  (Oligocene)  of  both  France 

and  England,  in  which  the  dental  formula  is  Z  -,   (7.  -,  Pm,  -,  M,-; 

21  4        3 

the  upper  molars  being  of  a  quadritubercular  type.  The  last  upper 
premolar  is  as  complex  as  the  true  molars,  which  (fig,  1349)  re- 
semble those  of  Zepidolgmur  and 
Ifapa/gmur,  while  the  skull  makes 
the  nearest  approach  to  that  of 
Propiihecus.  It  has,  indeed,  been 
suggested  that  this  and  the  allied 
genera  show  certain  relationships 
to  the  Anthropoidea  which  are  not 
seen  in  existing  representatives  of 
Fig.  i34?--faiauiasp«ct  of  ibe  left  upper     the  suborder  :  but  their  all«^ed  re- 

cheek-ieeth  of  Ada^s  magna;   from  the      ,  i  •       ^    \u       u  j       *.    a_*:^ 

Upper  Eocene  of  Hampshire.  latlOnship   tO   the   bunodont  ArdO- 

dactyla  does  not  appear  to  be  sub- 
stantiated. The  imperfectly  known  genus  Canopithtcus  from  the 
Upper  Eocene  of  Switzerland  is  regarded  by  Dr  Schlosser  as  iden- 
tical with  Adapts^  although  Professor  Riitimeyer  considers  that  it  is 
allied  to  the  American  Pelycodus.  From  the  Eocene  of  North 
America  we  have  the  two  nearly  related  genera  Tomitherium  and 
Notharctus,  The  former  (with  which  Limnotheriutn  of  Professor 
Marsh  is  identical)  is  distinguished  by  the  single  roots  to  the  pre- 
molars, and  by  the  development  of  a  third  lobe  to  the  last  lower 
true  molar.  Notharctus  agrees  with  Adapts  in  the  presence  of  two 
roots  to  the  premolars,  but  has  a  larger  lower  canine.  ThinoUstes 
and  Telmatolestes  are  probably  allied  to  or  identical  with  the  pre- 
ceding genera ;  both  being  from  the  American  Eocene. 

Turning  to  the  more  tjrpical  representatives  of  the  family,  in  which 
at  least  the  upper  premolars  do  not  exceed  three,  we  have  the  small 
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NecroUmur  from  the  French  Phosphorites,  the  dental  formula  of 

21  \         \ 

which  Dr  Schlosser  gives  as  /  -,  C  -,  Pm,  ^,  M,  ^,  or  the  same  as 

I  I  3  3 

in  the  existing  Tarsius^  although  he  suggests  that  in  some  cases 

there  may  have  been  four  lower  premolars.     The  skull  resembles 

that  of  the  li\nng  genus  Galago  of  Africa,  both  in  size  and  structure, 

as  is  especially  shown  by  the  prominent  auditory  bullae.     The  upper 

molars  are  also  like  those  of  one  species  of  that  genus,  although  the 


Fig>  1350.— Cranium  of  Ana^tomor^us  kcmunculus;  from  the  Wasatch  Eocene  of  North 
America,  a^  From  the  left  side ;  ^,  Oblique  view ;  c,  From  above ;  dt  From  below  (enlarged). 
(After  Cope.) 

last  premolar  is  distinguished  by  having  only  one  outer  column,  and 
is  accordingly  simpler  than  the  true  molars.  In  this  respect  Necro- 
Umur agrees  with  Chirogaleus  of  Madagascar. 

Flesiadapis^  from  the  Lower  Eocene  of  Rheims,  may  be  provision- 
ally placed  here.  AnaptomorphuSy  from  the  Mid(ile  Eocene  of 
North  America,  of  which  the  cranium  and  mandible  are  shown  in 
the  accompanying  figures,  seems  to  be  allied  to  NecroUmury  but  has 
two  lower  incisors,  and  the  upper  premolars  are  unusually  complex 
and  approach  those  of  the  Anthropoidea,     The  upper  molars  are 

tritubercular ;  and  Professor  Cope  gives  the  dental  formula  as  I.  -^ 

2 

T  2  ^ 

C  -,  Pm,  — ,  M,  -.     Cynodontomys  is  an  imperfectly  known  genus 
123 

from  the  Wasatch  Eocene  \  and  Mixodectes  an  older  one  from  the 
Puerco  or  Lower  Eocene  of  North  America,  Dr  Schlosser  also  re- 
gards the  American  Eocene  genus  Omomys  as  allied  to  NecroUmur^ 
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although  it  was  considered  by  Professor  Cope  to  be  more  nearly 
related  to  Hyopsodus.  Lemuravus,  of  the  American  Eocene,  may 
perhaps  belong  to  the  preceding  division  of  this  family. 

The  total  absence  of  remains  of  Lemuroids  from  the  Miocene  of 


Fig.  X35Z.— Left  ramus  of  the  mandible  of  Anapiomorphut  tntmlnt,  wanting  all  the  teeth  ex* 
cept  the  last  premolar  and  firat  two  true  molars  ;  from  the  Brid^er  Eocene  of  North  America, 
a,  Outer ;  b^  Inner ;  c^  Upper ;  d^  Lower  view.    Twice  natural  sue.    (After  Cope.) 

Europe  and  North  America  points  to  their  early  disappearance  from 
those  regions. 

Suborder  2.  Anthropoidea. — In  all  the  known  members  of 

2 

this  suborder  the  number  of  the  incisors  is  - ;  the  upper  ones  being 

always  in  contact  in  the  middle  line,  and  the  lower  ones  not  pro- 
jecting forwards  to  any  great  extent.  The  orbit  is  completely 
closed  behind  by  bone ;  and  the  lachrymal  foramen  opens  within 
its  cavity.  The  pollex  is  short,  and  the  second  digit  of  the  pes  has 
a  true  nail.  This  suborder  may  be  divided  into  the  Platyrhine  and 
Catarhine  sections.  In  the  former,  which  is  confined  at  the  present 
day  to  South  America,  the  structure  of  the  cheek-teeth  is  inter- 
mediate between  that  obtaining  in  the  Lemuroidea  and  the  succeed- 

ing  section.     The  premolars  are  always  -  in  number,  but  the  true 

3 
2  X 

molars  may  be  either  -   (Hapalid(R\  or  -  {Cedidas) ;  and  the  last 

lower  true  molar  has  a  small  hind  talon.  The  nostrils  are  simple, 
widely  separated,  and  placed  nearly  at  the  extremity  of  the  snout 
The  pollex  is  either  absent,  or,  if  present,  is  not  opposable;  and 
there  are  other  characteristic  external  features. 

The  genus  Laopithecus,  from  the  Miocene  of  North  America,  has 
been  referred  to  this  section,  but  its  dentition  approximates  to  that 
of  the  early  Lemuroids,  and  its  position  must  be  regarded  as 
unsettled. 

Family  HAPALiDiE. — In  the  Marmosets,  which  are  nearest  to  the 
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Lemuroidea,  two  species  of  HapaU  have  been  recorded  from  the 
cave-deposits  of  Brazil,  one  of  which  is  regarded  as  extinct 

Family  Cebid/E. — The  Brazilian  cave-deposits  have  also  yielded 
remains  of  various  Cebida  referable  to  the  existing  genera  CallithriXy 
CebuSj  and  Mycetes;  several  of  which  appear  indistinguishable  from 
species  still  inhabiting  the  same  region.  A  monkey  allied  to  Mycetes^ 
but  of  larger  size  than  any  existing  species,  has  been  referred  to  a 
distinct  genus  under  the  name  of  Protopitheais, 

Catarhine  Section. — In  this  section,  which  comprises  the  three 
families  Cercopithecida^  Sitniida^  and  Hominida^  the  number  of  the 

2  X 

cheek-teeth  is  always  Pm.  -,  M,  -,  and  the  crowns  of  the  true  molars 

2  3 

are  either  transversely  ridged  or  simply  tubercular.  The  nostrils 
are  straight,  and  placed  close  together,  and  their  septum  is  narrow. 
In  all  except  Colobus^  where  it  is  absent,  the  pollex  is  opposable  to 
the  other  digits.  The  tail  is  never  prehensile,  and  may  be  wanting ; 
while  cheek-pouches  and  ischial  callosities  are  often  present  With 
the  exception  of  one  species,  which  occurs  at  Gibraltar,  all  the  exist- 
ing Cercopithecida  and  Simiida  are  confined  to  Asia  and  Africa. 

Family  CERCOPiXHECiDiE. — In  this  family,  which  includes  most 
of  those  Old  World  genera  commonly  termed  Monkeys  and  Baboons, 
the  tubercles  of  the  true  molars  are  developed  into  a  pair  of  imper- 
fect transverse  ridges,  and  the  third  lower  true  molar  has  a  hind 
lobe  or  talon.  It  has  been  stated  that  the  genus  Coiobus  occurs  in 
the  Miocene  of  Bavaria,  but  the  specimen  on  which  this  determina- 


Fig.  z 35a.— Left  lateral  view  of  the  skull  of  Cynocepkalus  ursinus;  Recent.    Africa.    Reduced. 

tion  was  made  really  belongs  to  the  Artiodactylate  genus  Cebochcerus, 
The  somewhat  widely  spread  genus  Macacus  is  represented  in  the 
Pliocene  Siwaliks  of  India,  and  also  in  the  Upper  Pliocene  of  the 
Continent  and  the  Pleistocene  of  India ;  one  of  these  continental 
species  having  probably  been  described  under  the  name  of  Aulax- 
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inus.  The  Asiatic  genus  Semnopithecus  is  known  by  remains  of 
existing  species  in  the  Indian  Pleistocene,  and  by  extinct  forms  in 
the  Siwaliks  of  the  same  country,  and  also  in  the  Lower  Pliocene  of 
France  and  Italy.  MesopithecuSy  from  the  Lower  Pliocene  of  Greece 
and  Hungary,  is  an  extinct  genus  allied  in  cranial  characters  to 
Semnopithecus^  but  in  the  structure  of  the  limbs  approximating  to 
Macacus,  The  genus  Cynocephalus^  now  confined  to  Africa,  and 
characterised  by  the  long  and  projecting  facial  region  and  the  nearly 
vertical  position  of  the  orbits  (fig.  1352),  is  found  fossil  in  the  Plio- 
cene Siwaliks  of  India,  and  in  the  Pleistocene  of  Southern  India  and 
Algeria ;  and  thus  indicates  the  intimate  relations  of  the  Indian  and 
African  faunas.  Oreopithecus^  from  the  Middle  Miocene  of  Italy, 
was  probably  allied  to  the  preceding  genus,  but  only  an  immature 
mandible  is  known. 

Family  SiMiiDiE. — In  the  Simtidcs^  which  includes  the  Gibbons, 
Orangs,  Chimpanzees,  and  Gorillas,  the  tubercles  of  the  cheek-teeth 
(fig.  1353)  are  low  and  blunt,  and  the  angles  of  their  crowns  are 

more  or  less  rounded  off,  and  the 
third  lower  true  molar  has  no  hind 
talon.  The  canines  are  large,  and 
the  hallux  is  opposable.  The  Gib- 
bons are  represented  in  a  fossil  state 
in  the  Pleistocene  of  Borneo  by  a 
species  of  HylobaieSy  and  by  another 
from  the  Middle  Miocene  of  France 
which  may  be  included  in  the  same 
genus,  although  separated  by  some 
under  the  name  of  Pliopithecus, 
Dryopithecus^  from  the  Middle  Mio- 
cene of  France  and  the  Lower 
Miocene  of  Hessen-Darmstadt,  was 
a  large  Ape  of  the  size  of  the  Chim- 
panzee, but  with  teeth  resembling 
Fig  i353.-Paiatai  aspect  of  the  man-  those  of  the  Gorilla.  Lastly,  the 
Middle' Mi^t:Jr'^FS^?e^^  PHoccne   Siwaliks    of    India    have 

yielded  a  species  of  Anthropopithe- 
cus  (Troglodytes)  apparently  closely  allied  to  the  existing  African 
Chimpanzee ;  while  there  are  also  indications  in  the  same  deposits 
of  a  species  of  the  Malayan  genus  Simia  (Orang).  A  skull  of  the 
existing  species  of  Simia  is  shown  in  woodcut,  fig.  1354. 

Family  HoMiNiDiE. — ^The  last  and  highest  family  of  the  dass 
comprises  only  Man  {Homo\  and  requires  but  little  notice  in  this 
work.  It  may,  however,  be  observed  that  the  teeth  form  a  nearly 
even  horse-shoe-shaped  series,  without  any  diastema  or  marked 
increase  in  the  size  of  the  canine,  and  are  thus  in  striking  contrast 


Digitized  by  LjOOQ  IC 


ORDER  PRIMATES. 


I47I 


to  those  of  the  Simiida  (compare  a  and  b  in  fig.  1354);  although 
their  number  and  structure  are  identical.  The  skull  is  also  remark- 
able for  the  great  relative  size  of  the  cranial,  and  the  shortness  of 
the  facial  portion. 

Man  has  certainly  existed  throughout  the  Pleistocene  period,  and 
there  is  also  evidence  of  his  presence  at  the  epoch  of  the  St  Prest 
beds  of  the  south  of  France,  which  are  equivalent  to  the  Norfolk 
Forest-bed,  and  are  referred  by  some  authorities  to  the  base  of  the 
Pleistocene,  and  by  others  to  the  top  of  the  Pliocene.  Somewhat 
doubtful  evidence  of  his  existence  in  the  true  Pliocene  of  Italy  has 


Fig.  1 354.  •Left  lateral  view  of  the  skull  of  (a)  the  Drang  {JSimit^  and  (b)  a  European. 

Reduced. 

been  brought  forward ;  and  it  has  been  asserted  that  a  skull  found 
in  Calaveras  county,  in  the  United  States,  is  from  Pliocene  beds. 
In  the  latter  instance,  however,  some  authorities  doubt  whether  the 
skull  in  question  was  really  obtained  from  these  beds,  while  others 
consider  that  the  beds  themselves  are  not  earlier  than  the  Pleisto- 
cene. Far  stronger  proofs  than  those  hitherto  brought  forward 
must  be  forthcoming  before  the  alleged  existence  of  Man  in  the 
Middle  Miocene  of  France  can  be  accepted.  The  evidences  of  his 
existence  in  the  Recent  period  belong  rather  to  the  domain  of  the 
archaeologist  and  ethnologist  than  to  that  of  the  palaeontologist 

In  conclusion,  it  may  be  mentioned  that  Professor  Cope  regards 
the  Haminida  as  having  originated  independently  of  the  other  An- 
thropoidea  from  a  Lemuroid  stock;  but  much  more  conclusive 
evidence  than  that  yet  adduced  is  necessary  to  support  this  view. 
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PART   IV. 


CHAPTER    LXIV. 

CLASSIFICATION  AND   GENERAL   SUCCESSION 
OF  PLANTS  IN  TIME, 

The  department  of  Palaeontology  which  deals  with  the  relations  of 
Plants  to  time  is  usually  spoken  of  under  the  name  of  Paleobotany 
or  Palaeophytology,  and  is  one  of  wide  extent  and  great  complexity. 
To  render  adequate  justice  to  the  vast  body  of  knowledge  which  has 
been  accumulated  as  to  the  past  history  of  plants,  an  amount  of 
space  much  exceeding  that  available  in  the  present  work  would 
be  required.  Moreover,  the  subject  is  one  which  cannot  be 
thoroughly  dealt  with  except  by  a  specialist,  and  which,  in  itself,  is 
of  less  importance  to  the  general  geological  student  than  is  Palaeo- 
zoology.  For  these  reasons,  nothing  more  will  be  attempted  here 
than  to  give  an  extremely  brief  and  entirely  general  sketch  of  the 
past  distribution  and  succession  of  the  chief  types  of  plant-life ;  the 
extinct  groups  being  treated  with  somewhat  greater  detail  than  those 
now  in  existence.  In  most  cases,  however,  no  description  of  the 
characteristic  structures  of  the  different  groups  can  be  given ;  nor 
is  it  possible  to  introduce  so  much  as  a  sketch  of  the  general  mor- 
phology of  plants.  For  such  the  student  must  be  referred  to  works 
devoted  to  structural  Botany,  to  which  he  must  also  look  for  the 
meaning  of  such  technical  terms  as  are  here  made  use  of. 

CLASSIFICATION. 

As  regards  the  classification  of  Plants,  the  following  table  shows 
the  leading  groups  into  which  the  existing  members  of  the  Vege- 
table Kingdom  are  divided : — 
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KINGDOM   VEGETABILIA. 

SUB-KINGDOM    A THALLOPHYTA. 

8EBIEB  L--ALO& 

Class  i.  DiATOMACEiC    .  .    Diatoms. 

„      2.    PHYCOCHROMOPHYCifi  .      DeSIXlids. 

„    3.  FucACEiC  ....     Sea- weeds. 

„      4.   CHLOROSPOREiE  .      SiphofUa, 

„    5.  FLORiDEiC         .        .        .     Red   Sea- weeds,   CorallineSi  and 

Nullipores. 
„    6.  CHARACEiG        .  .     Charas. 

8EBIE8  IL— FUHOL 

This  series  includes  the  Lichens  (Lichenes)  and  the  true  Fungi,  the  latter 
being  split  into  several  divisions  which  need  not  be  inserted  here. 

SUB-KINGDOM    B.— CORMOPHYTA. 

SERIES  L— BBY0PH7TA  (Anogwu). 

Class  i.  Musci       ....    Mosses. 
„    2.  HEPATiCiC         .        .  Liverworts. 

SERIES  IL— PTERIDOPHTTA  (Aorogtns). 

Class  i.  Filicace^^ 
Order  I.  SxiPULATiB. 

a,  Ophiogiossea   .  .        .     Adders'-tongues. 
b»  Marattiacea    ,  .     Marattia. 

Order  2.  Filices       .  .        .     Ferns. 

Orders.  RHizocARPEi«  .        .     Rhizocarps. 

Class  2.  Equisetace^    .  .        .    Horsetails. 
Class  3.  LvcopODiACEiC. 

Order  i.  IsosPOREiC  (Dichotoma), 

a,  Lycopodea       .  .        .  i 

b,  PsUotea  .        .  .        .  >  Ljcopods. 
r.   Phylloglossem  .  .  \ 

Order  2.  Heterospore^  (Ligulata). 

t^^  \    :    :tci»b-.o^ 

SERIES   m.— PHANEROGAMS 

Class  i.  Gymnospermea. 

Order  I.  CvcADACEiE        .        .    Cycads. 

Order  2.  CoNiFERiC  .        .     Conifers. 

Order  3.  Gnetace^  .        .     Welwitschia. 

Class  2.  ANGiosPERMEiC. 

Subclass  1.  MoNocoTVi^(Endo.  j  g,,^  p,,^  ^^  4^ 

,  «i       2.  DiC0TYLi«  (Exogens)    Rose,  Buttercup,  Dandelion,  &c 

The  above  classification  is,  in  the  main,  the  one  adopted  by  Pro- 
fessor Thistleton  Dyer,  although  a  less  complex  arrangement  of  the 
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Thallophytes  has  been  adopted.  The  divisions  of  the  Fungi,  as 
being  of  no  importance  to  palaeontologists  in  the  present  state  of  our 
knowledge,  have  likewise  been  omitted ;  as,  also,  have  been  several  of 
the  groups  of  the  Algse.  In  older  botanical  systems,  plants,  in  place 
of  being  ranged  into  the  two  primary  divisions  of  Thallophytes  and 
Cormophytes,  were  separated  into  "  Cryptogams "  and  "  Phanero- 
gams," the  limits  of  these  old  divisions  being  indicated  in  the  margin 
of  the  above  table;  and  it  will  still  be  sometimes  convenient  to 
employ  the  former  term  as  a  collective  name  for  the  non-flowering 
plants.  Similarly,  the  Cryptogams  were  formerly  divided  into  Thal- 
logens,  Anc^ens,  and  Acrogens ;  and  we  still  very  generally  meet 
with  the  two  latter  terms  (the  position  of  which  is  indicated  in 
brackets  in  the  table)  in  geological  works,  where  the  expression 
"  Age  of  Acrogens "  has  become  almost  classical.  It  is,  however, 
very  inadvisable  to  retain  for  geological  purposes  a  classification 
abandoned  by  the  more  advanced  botanists ;  and  we  shall  therefore 
adopt  the  names  Bryophytes  and  Pteridophytes  in  place  of  the  older 
Anogens  and  Acrogens. 

The  Thallophytes  are  cellular  plants  not  distinctly  differentiated 
into  stem  and  leaf;  the  Alga  being  distinguished  from  the  Fungi 
by  the  presence  of  chlorophyll.  The  Bryophytes,  while  still  wholly 
cellular,  may  have  distinct  stems  and  leaves ;  while  the  Pteridophytes 
are  partly  composed  of  cells  and  partly  of  long  tubes  or  vessels,  and 
are  thus  fitted  for  the  attainment  of  considerable  dimensions.  The 
Phanerogams  are  like  the  Pteridophytes  in  being  vascular  plants, 
but  differ  from  all  the  preceding  groups  in  developing  flowers,  which 
in  turn  produce  seeds  containing  an  embryo.  The  series  of  the 
Phanerogams  is  again  divided  into  the  Gymnosperms,  with  naked 
seeds  not  enclosed  in  fruits,  and  the  Angiosperms,  in  which  true 
fruits  enclose  the  seeds.  This  latter  group  is  further  divisible  into 
two  sections,  known,  from  the  number  of  the  seed-leaves,  as  Mono- 
cotyledons and  Dicotyledons.  In  the  Monocotyledons  the  embryo 
has  only  a  single  seed-leaf  or  cotyledon,  and  the  stems  grow  from 
within  and  show  no  rings  of  growth;  the  name  of  "Endogens" 
applied  to  the  group  being  based  on  this  latter  feature.  In  the 
Dicotyledons,  on  the  other  hand,  the  embryo  has  two  seed-leaves  or 
cotyledons ;  and  the  group  is  sometimes  spoken  of  as  that  of  the 
"  Expgens,"  since  the  stems  (as  in  the  Gymnosperms  also)  grow  from 
without,  with  the  formation  of  distinct  rings  of  growth. 

•  General  Succession  of  Plants  in  Time. 

As  in  the  Animal  Kingdom,  so  among  plants  there  appears  to  be 
a  general  correspondence  between  relative  rank  in  the  scale  of  organ- 
isation and  the  order  of  appearance  in  time.     Thus,  as  Sir  William 
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Dawson  observes,  "  the  oldest  plants  that  we  as  yet  certainly  know 
are  Algae,  and  with  these  there  are  plants  apparently  with  the  struc- 
ture of  Thallophytes,  but  the  habits  of  trees,  which  for  want  of  a 
better  name  I  may  call  Protogens "  [Nematodendreae],  "  Plants 
akin  to  the  Rhizocarps  also  appear  very  early.  Next  in  order  we 
find  forests  in  which  gigantic  Ferns,  Lycopods,  and  Horsetails  pre- 
dominate, in  association  with  Pines.  Succeeding  these  we  have  a 
'  reign  of  Gymnosperms ;  and  in  later  formations  we  find  the  higher 
Phanerogams  dominant.  Thus  there  is  an  advance  in  elevation  and 
complexity  along  with  the  advance  in  geological  time,  but  connected 
with  the  remarkable  fact  that  in  earlier  periods  low  groups  attain  to 
an  elevation  unexampled  in  later  epochs,  when  their  places  are 
occupied  with  plants  of  higher  types."  ^ 

The  age  of  Algae  and  Nematophytes  corresponds  with  the  earlier 
portion  of  the  Palaeozoic  period,  while  Pteridophytes,  with  some 
Gymnosperms,  are  the  dominant  forms  of  the  later  Palaeozoic  de- 
posits. The  Mesozoic  period  may  be  termed  the  "  Age  of  Gymno- 
sperms," while  the  Angiosperms  assume  the  leading  place  in  the 
Tertiary.  The  floras  of  the  great  geological  periods,  however,  shade 
gradually  into  one  another,  and  no  hard-and-fast  lines  can  be  drawn 
between  them.  Thus,  we  have  already  seen  that  Gymnosperms 
make  their  first  appearance  in  the  Upper  Palaeozoic  rocks,  these 
ancient  types  being  the  precursors  of  the  characteristically  Gymno- 
spermous  flora  of  the  Mesozoic  period.  In  a  similar  manner  the 
Upper  Cretaceous  flora,  by  its  great  development  of  Angiosperms, 
is  more  nearly  related  to  the  Tertiary  than  to  the  preceding  Jurassic 
flora.  Moreover,  the  evolution  of  the  flora  of  different  regions  of 
the  earth  by  no  means  advanced  pari  passu  with  the  evolution  of 
the  fauna — ^a  striking  example  of  this  fact  being  afforded  by  the 
Lower  Gondwana  beds  of  India  and  the  equivalent  deposits  of 
Australia,  in  which,  reckoning  from  a  European  standpoint,  we  find 
a  full-blown  Mesozoic  flora  coexisting  with  a  Palaeozoic  fauna. 

Taking  a  brief  historical  retrospect  of  the  distribution  of  plants  in 
time,  we  have  no  direct  evidence  of  the  existence  of  v^etable  life 
during  the  period  represented  by  the  Archaean  rocks.  There  is, 
however,  a  strong  probability  in  favour  of  Sir  William  Dawson's 
view  that  the  extensive  accumulations  of  graphite  associated  with 
the  Laurentian  limestones  of  Canada  are  really  of  the  nature  of 
metamorphosed  vegetable  matter,  or  that  they  have  been  derived 
in  the  first  instance  from  plants.  In  deposits  of  Cambrian  age 
most  of  the  supposed  remains  of  plants  belong  to  the  obscure  and 
difficult  group  of  fossils  commonly  spoken  of  as  '*  Fucoids,"  and 
supposed  to  be  referable  to  the  Sea-weeds.    So  far  as  the  "  Fucoids" 

^  Some  slight  verbal  alterations  have  been  made  in  this  quotation. 
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of  the  Cambrian  rocks  are  concerned,  there  is  every  probability  that 
we  have  to  deal  entirely  with  the  tracks  and  trails  of  marine  animals, 
or  with  impressions  of  a  purely  inorganic  character.  Thus,  the 
Cambrian  fossils  referred  to  such  genera  as  Crusiana  and  Bilobites 
are  most  probably  the  tracks  of  Annelides,  or  the  filled-up  burrows 
of  Crustaceans.  The  fossils  from  the  Cambrian  rocks  of  Sweden 
described  under  the  name  of  Eophyton^  and  at  one  time  supposed 
to  be  the  remains  of  land-plants,  are  almost  certainly  not  of  a  vege- 
table nature.  As  previously  pointed  out  (p.  209),  strong  evidence 
has  been  brought  forward  by  Nathorst  in  favour  of  the  view  that  the 
striated  markings  of  Eophyton  are  really  produced  by  the  trailing  of 
the  tentacles  of  Jelly-fishes  over  the  surface  of  soft  sediment  Lastly, 
the  so-called  Oldhamia  of  the  Cambrian  rocks  (p.  205)  has  been 
regarded  as  an  Alga,  but  it  may  have  been  produced  by  animal 
agency,  or  it  may  be  wholly  inorganic. 

From  strata  of  Ordovician  age  many  supposed  plants  have  been 


Fig.  iiss.^Licro^kya^  Oitawaetuist  a  suppcMed  "  Fucoid  "  from  the  Trenton  Limestone 
(Ordovician)  of  Cauaida.    (After  Billings.) 

described,  and  the  great  majority  of  these  have  been  referred  to  the 
Alga^  anci  have  been  regarded  as  the  remains  of  Sea-weeds.     Most 
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of  these  so-called  "  Fucoids "  are  wholly  destitute  of  carbon,  and 
are  almost  certainly  not  of  a  vegetable  nature.  Many  of  these 
supposed  Sea-weeds — such  as  those  referred  to  the  genera  Palao- 
chorda  and  Crossopodia  (the  Crossochorda  of  Schimper) — present 
themselves  as  simple,  often  sinuous  or  convoluted,  raised  markings 
on  the  surface  of  muddy  or  arenaceous  sediments.  Such  markings, 
as  specially  insisted  on  by  Nathorst,  always  occur  in  demi-relief  on 
the  under  surfaces  of  the  beds  in  which  they  are  foimd ;  and  this 
fact  would  strongly  support  the  view  that  they  are  really  the  casts  of 
the  trails  of  marine  animals  such  as  Worms  or  Molluscs,  such  trails 
presenting  themselves  as  depressed  impressions  on  the  upper  sur- 
faces of  the  strata.  Raised  impressions  on  the  under  sides  of  the 
strata,  but  branched,  are  not  uncommon,  and  upon  these  have  been 
founded  such  genera  as  JJcrophycus  (fig.  1355).  These  curious 
fossils  may  be  regarded  as  probably  of  the  nature  of  filled-up  worm- 
burrows,  rather  than  as  mere  surface-trails. 

On  the  other  hand,  some  of  the  so-called  "  Fucoids "  of  the 
Ordovician,  as  also  of  the  Silurian  rocks,  appear  to  be  truly  the 


Fig.  xyslS,—Butkotre^hugractliSt  Hall ;  a  "  Fucoid"  from  the  Trenton  Limestone 
(Ordovician)  of  Otuwa.    (Original.) 

remains  of  marine  Alga,  This  is  the  case,  for  example,  with  some 
of  the  fossils  which  have  been  referred  to  the  genus  Buthotrephis  of 
Hall.  The  types  in  question  (fig.  1356)  present  themselves  as 
compressed,  branching  impressions,  sometimes  showing  leaf-like 
extremities,  and  occasionally  distinctly  carbonaceous. 
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In  addition  to  Alga.^  the  Ordovician  rocks  have  yielded  a  few 
unquestionable  plant-remains  which  are  regarded  by  Dawson  as 
probably  having  been  of  a  higher  grade.  Thus,  the  Protannularia 
of  the  Arenig  rocks  of  Britain,  and  the  Sphenothallus  of  the  Cin- 
cinnati group  of  North  America,  are  provisionally  referred  to  the 
Rhizocarps ;  while  the  Protostigma  of  the  latter  formation  is  looked 
upon  as  possibly  allied  to  the  Lycopods. 

In  the  Silurian  rocks  we  meet  with  various  Sea-weeds  of  an  appa- 
rently unquestionable  character,  and  along  with  these  are  found  the 
remains  of  plants  of  a  higher  type.  The  most  abundant  of  these 
belong  to  the  genus  Psilophyton^  regarded  by  Dawson  as  forming  a 
connecting  link  between  the  Rhizocarps  and  the  Lycopods.  The 
Giyptadendron  of  the  Clinton  beds  may  perhaps  be  related  to  Lepi- 
dodendroHy  but  the  supposed  Silurian  fern,  described  under  the  name 
of  EopteriSy  is  not  truly  organic.  Lastly,  in  the  Silurian  rocks  are 
found  the  first  traces  of  the  singular  tree-like  plants  originally  de- 
scribed by  Dawson  under  the  name  of  Prototaxites^  but  now  termed 
Nematcphyton.  The  characters  of  this  will  be  briefly  noted  imme- 
diately ;  but  it  may  be  mentioned  here  that  the  curious  spore-like 
bodies,  which  have  been  described  from  the  Silurian  rocks  under 
the  name  of  Pachytheca,  are  regarded  by  Dawson  as  not  improbably 
belonging  to  this  plant. 

In  the  Devonian  rocks,  as  more  especially  shown  by  Sir  William 
Dawson,  we  have  evidence  of  an  abundant  flora,  consisting  of  both 
aquatic  and  terrestrial  plants.  Of  the  Devonian  fossils  which  have 
been  referred  to  the  Alga^  the  most  singular  is  the  genus  Spirophy- 
ton,  comprising  certain  broad,  spirally  twisted  impressions,  which  are 
very  abundant  in  some  of  the  lower  beds  of  the  Devonian  series  of 
North  America.  Similar  impressions — often  spoken  of  under  the 
name  of  "  Cauda  Galli"— occur  in  the  Lower  Carboniferous  rocks  of 
Europe ;  but  their  real  nature  is  not  free  from  doubt  We  may  also 
notice  here  the  highly  remarkable  tree-like  plants  for  which  the 
genus  Nematophyton  {Prototaxites)  has  been  proposed  by  Dawson, 
since  these  cannot  at  present  be  definitely  referred  to  any  recog- 
nised group  of  existing  plants.  According  to  Dawson,  the  plants  in 
question  (fig.  1357)  are  "trees  of  large  size,  with  a  coaly  bark  and 
large  spreading  roots,  having  the  surface  of  the  stem  smooth  or 
irregularly  ribbed,  but  with  a  nodose  or  jointed  appearance.  In- 
ternally, they  show  a  tissue  of  long,  cylindrical  tubes,  traversed  by  a 
complex  network  of  horizontal  tubes,  thinner-walled  and  of  smaller 
size."  The  tubes  appear  to  be  arranged  in  concentric  zones,  but 
the  plant  was  not  truly  exogenous,  and  it  is  doubtful  if  a  genuine 
bark  was  present  The  systematic  place  of  Nematophyton  is  un- 
certain, but  the  balance  of  evidence  would  seem  to  be  in  favour  of 
its  reference  to  the  Thallophytes,  and  it  is  regarded  by  Dawson  as 
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the  type  of  a  special  group,  for  which  he  has  proposed  the  name  of 
Nematodendrea,  The  same  authority  is  of  opinion  that  the  minute 
globular  bodies  to  which  the  name  of  Pachytheca  has  been  given, 


Fig.  1357.— A,  Trunk  of  AViwa/^j'/tfM  i^Protoiaxitet)  L»gani^  18  inches  in  diameter^  as  seen 
in  the  chn  near  L'Anse  Brehaut,  Gasp^ ;  B,  Two  of  the  tubular  cells  forming  the  tissue  of  the 
stem,  highly  magnified.     Lower  Devonian,  Canada.    (After  Dawsoo.) 

may  perhaps  have  been  the  fruit  of  Nematophyton,     As  previously 
noted,  the  genus  occurs  also  in  the  Silurian  rocks. 

Coming  to  higher  plants,  the  Rhizocarps  are  represented  in  the 
Devonian  flora  by  such  types  as  Sphenophyllum  and  Psilophyton^ 
the  latter  showing  affinities  with  the  Lycopods.  Moreover,  some  of 
the  Devonian  shales  of  North  America  are  crowded  with  minute 
globular  thick-walled  bodies  (fig.  1358),  of  a  diameter  of  one- 
hundredth  of  an  inch  or  more,  which  Dawson  regards  as  being 
probably  of  the  nature  of  the  "  macrospores "  of  plants  allied  to 
the  Rhizocarps.  These  were  originally  described  under  the  name 
of  Sporangites  Huronensis^  but  they  are  now  referred  by  Dawson 
to  the  provisional  genus  Frotosalvinia.  Similar  bodies  have  been 
shown  to  occur,  often  in  vast  numbers,  in  shales  of  Carboniferous 
age  in  both  North  America  and  Europe,  and  even  some  coals 
appear  to  be  largely  made  up  of  structures  of  a  similar  nature. 

Of  still  higher  groups  of  plants,  the  Devonian  rocks  have  yielded 
the  remains  of  Lepidodendron  and  Stgillariay  representing  the  Lyco- 
pods, and  of  early  types  of  Calamites,  representing  the  Horsetails ; 
while  true  Ferns,  some  of  which  attain  considerable  dimensions,  are 
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present  in  comparative  abundance.     Lastly,  the  Gymnosperms  are 
represented  by  the  woody  trunks  of  Conifers  {Dadoxylon), 

The  Carboniferous  deposits  are  remarkable  for  the  richness  of 
their  contained  flora,  as  also  for  the  extensive  development  of  beds 
of  workable  coal.  The  predominant  plants  of  this  period  belong  to 
the  groups  of  the  Pteridophytes  and  Gymnosperms.  The  former 
are  represented  by  types  belonging 
to  the  Rhizocarps,  the  Ferns,  the 
Lycopods,  and  the  Equisetacea  ; 
though  in  many  cases  the  Car- 
boniferous plants  referred  to  these 
groups  exhibit  quite  peculiar  char- 
acters, and  their  precise  affinities 
are  not  always  clear.  The  Rhizo- 
carps are  represented  by  the  ancient 
genus  Sphenophyllum  and  by  the 
macrospores  of  Protosahinia,  The 
latter  sometimes  occur  in  vast  num- 
bers in  the  shales  of  the  Carbon-       -..        o    k   x-      c  x.  x   r 

._  .     _  -  .         11         1  ^^'  *358-— -A  slice  of  shale  from  the 

iferOUS  period,  and  occasionally  play      Devonian  rocks  of    Kettle  Point,   Lake 

an  important  part  in  the  formation  p^^^^^m^\SiJ^{^x^^\) 
of  coal,  though  this  must  be  re- 
garded as  exceptional.  The  Lycopodiacea  are  represented  by  the 
genus  Lycopodites,  but  the  most  remarkable  members  of  this  series 
in  Carboniferous  times  are  the  tree-like  Lepidodendroids  {Lepido- 
dindron^  &c)  The  great  group  of  the  Sigillarioids  {Sigiilaria^  &c.), 
likewise  comprising  comparatively  gigantic  plants,  is  also  usually 
regarded  as  belonging  to  the  series  of  the  Lycopods,  and  is  highly 
characteristic  of  the  Carboniferous  deposits.  The  Equisetaceee^ 
again,  are  largely  represented  in  Carboniferous  times  by  the  re- 
markable and  widely  distributed  group  of  the  Calamites.  Lastly, 
the  Carboniferous  rocks  have  yielded  the  remains  of  a  large 
number  of  true  Ferns,  which,  in  most  essential  respects,  are  similar 
to  the  existing  types  of  the  group. 

No  unquestionable  Angiosperms  have  hitherto  been  detected  in 
rocks  of  Carboniferous  age,  but  the  Gymnosperms  are  represented 
by  various  Conifers  {Dadoxylon^  Araucarioxylon^  and  Finites), 

It  is  universally  admitted  that  coal  is  fossilised  vegetable  matter,  and 
also  that,  in  general,  the  vegetation  which  formed  the  coal  grew  where 
the  coal-seam  is  now  found.  The  problem  of  the  precise  mode  in  which 
the  coal-seams  of  the  Coal-measures  were  formed  is  largely  a  geological 
one,  and  need  not  be  discussed  here.  It  is  sufficient  to  say  here  that 
coal  is  the  result  of  the  bituminisation  of  vegetable  tissues  of  different 
kinds,  different  coal-seams,  or  different  portions  of  a  single  seam,  being 
often  unlike  in  their  precise  structure  or  mode  of  formation.  According 
to  the  researches  of  Sir  William  Dawson,  the  microscopic  examination 
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of  coal  by  means  of  thin  sections  shows  that  the  "  mineral  charcoal"  of  | 
an  ordinary  bituminous  coal  is  woody  tissue  and  fibres  of  baik.  The  | 
coarser  and  more  laminated  portions  of  the  coal  are  made  up  of  '*  a  con- 
fused mass  of  fragments  of  vegetable  matter  belonging  to  vanous  descrip- 
tions of  plants."  The  shining  and  brilliant  layers  of  coal  represent  the 
bark  of  Sigillarioids  or  Lepidodendroids  preserved  in  a  flattened  condi- 
tion. Certain  coals,  or  parts  of  certain  coals  may,  further,  be  extensively 
composed  of  the  macrospores  or  microspores  of  various  Carboniferous 
Cryptogams ;  but  it  does  not  appear  that  coals  are  generally  made  up 
of  such  spores  for  any  considerable  portion  of  their  mass.  Lastly,  the 
microscopical  structure  and  chemical  composition  of  the  "  cannel-coals," 
would  show  that  these  are  **of  the  nature  of  the  fine  vegetable  mud 
which  accumulates  in  the  ponds  and  shallow  lakes  of  modem  swamps." 

The  flora  of  the  Permian  period  is,  on  the  whole,  nearly  related 
to  that  of  the  Carboniferous.  The  Sigillarioids  appear  now  to  have 
become  extinct,  but  the  Lepidodendroids  seem  to  have  survived 
into  the  earlier  portion  of  the  Permian  period,  while  the  Calamites 
are  represented  by  the  genus  Arthropitys^  and  die  out  at  this  stage. 
No  undoubted  Permian  Angiosperms  are  known,  but  Conifers  are 
tolerably  abundant.  Of  the  latter  the  genus  Voltuay  which  survives 
into  the  Trias,  is  an  old  type  of  the  Taxodinea;  while  Wakhia 
connects  the  Yews  with  the  Araucarias ;  and  the  genus  UUmania  is 
of  interest  as  producing  true  cones. 

As  regards  the  Mesozoic  period,  the  predominant  forms  of  plant- 
life  in  the  Triassic,  Jurassic,  and  Lower  Cretaceous  rocks  are  Cycads 
and  Conifers ;  and  the  name  of  "  Age  of  Cycads  "  has  sometimes 
been  given  to  the  Mesozoic  period,  as  regarded  from  a  botanical  point 
of  view.  Ferns,  however,  occur  abundantly  in  the  earlier  Mesozoic 
deposits  (Triassic  and  Jurassic  rocks),  and  true  Equiseta  make  their 
appearance  in  the  Upper  Trias.  The  first  unquestionable  remains 
of  Monocotyledonous  Angiosperms  present  themselves  in  the  Meso- 
zoic period,  the  Podocarya  and  Kaidacarpum  of  the  Jurassic  rocks 
appearing  to  be  referable  to  the  Screw-pines  {Pandamueis).  True 
Palms  do  not  appear  till  the  Middle  Cretaceous  period  is  reached, 
but  a  few  remains  of  Dicotyledonous  Angiosperms  have  been 
detected  in  the  Lower  Cretaceous  deposits  of  Greenland. 

While  the  Lower  Cretaceous  rocks  must  be  associated  botanically 
with  the  Jurassic  and  Triassic,  the  Upper  Cretaceous  deposits,  on 
the  other  hand,  are  characterised  by  a  flora  similar  to  that  of  the 
Tertiary  period.  From  the  point  of  view  of  the  palxobotanist, 
therefore,  the  line  of  division  between  the  Mesozoic  and  Kainozoic 
epochs  falls  to  be  drawn  in  the  middle  of  the  Cretaceous  system. 
With  the  coming  in  of  the  Upper  Cretaceous  period,  in  both  the  Old 
and  New  Worlds,  a  remarkable  change  takes  place  in  the  characters 
of  the  plant-life  of  the  land,  the  Cycads  now  assuming  a  position  of 
comparative  insignificance,  while  the  Dicotyledonous  Angiosperms 
undergo  a  great  development  and  become  the  dominant  fonns. 
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Not  only  are  the  ordinary  Exogens  now  the  leading  forms  of  plant- 
life,  but  many  of  the  Upper  Cretaceous  types  belong  to  genera  now 
existing.  We  may  therefore  regard  the  Upper  Cretaceous  period  as 
marking  "  the  advent  of  the  modern  flora  of  the  temperate  regions 
of  the  earth"  (Dawson).  It  follows  that  the  Tertiary  floras,  regarded 
generally,  more  or  less  closely  resemble  those  now  in  existence,  this 
resemblance  being  especially  shown  in  the  fact  that  the  predominant 
forms  of  plant-life  are  now  the  Angiosperms,  and,  more  particularly, 
the  Dicotyledons. 
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CHAPTER    LXV. 

ALG^    AND    FUNGI. 

The  plants  included  in  the  great  series  of  the  Thailophyta  are 
separable  into  the  two  primary  divisions  of  the  Alga  and  Fungi^ 
and  are  characterised  by  the  fact  that  they  are  composed  of  cells, 
without  true  vascular  tissue.  They  may  be  either  unicellular  or 
multicellular,  the  organism  in  the  latter  case  forming  an  expansion 
or  "  thallus "  which  is  not  differentiated  into  stem,  leaf,  and  root 
In  the  lower  Thallophytes  reproduction  may  be  wholly  non-sexual ; 
but  in  the  higher  forms  sexual  reproduction  takes  place,  the  result 
being  the  formation  of  a  spore,  or  a  group  of  spores,  or  a  fructifica- 
tion within  which  spores  are  produced. 

Series  I.  ALGiE. — ^The  group  of  the  Alga  includes  unicellular 
or  multicellular  Thallophytes  in  which  chlorophyll  is  developed  in 
larger  or  smaller  quantity.  They  vary  extremely  in  form,  and  are 
for  the  most  part  inhabitants  of  water,  both  fresh  and  salt  The 
Alga  may  be  divided  into  the  following  six  classes,  viz. : — 


Class      I.  Diatomaceae  . 

„       II.  Phycochromophycse 

„     III.  Fucaceae 

„      IV.  Chlorosporeae 

„       V.  Florideae 

„      VI.  Characeae 


Diatoms. 

Desmids. 

Brown  Sea-weeds. 

Cymopoliay  &c 

Red  Sea-weeds,  Nullipores. 

Chara  and  Nitella, 


As  regards  the  general  distribution  of  the  Alga  in  time,  many 
forms  are  quite  incapable  of  preservation  as  fossils,  while  others  can 
only  be  preserved  under  specially  favourable  circumstances.  In 
certain  groups,  however,  the  organism  may  secrete  a  siliceous  en- 
velope, or  its  tissues  may  undergo  calcification,  while  others  become 
encrusted  with  carbonate  of  lime.  Such  forms  readily  admit  of 
petrifaction,  and  unquestionable  remains  of  these  occur  in  the  fossil 
state.     Apart  from  these  undoubted  fossil  Alga^  numerous  markings 
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and  impressions  in  rocks  of  all  ages,  and  especially  in  the  older 
strata  of  the  earth's  crust,  have  been  regarded  by  palaeontologists  as 
the  remains  of  Sea-weeds.  The  characters  and  probable  mode  of 
origin  of  many  of  these  so-called  "  Fucoids  "  have  been  already  dis- 
cussed in  a  general  way  (see  p.  483  and  pp.  1481,  1482).  It  is  suffi- 
cient to  say  here  that  many  of  the  fossils  in  question  may  be  safely 
regarded  as  not  belonging  to  the  vegetable  kingdom,  but  as  being 
rather  of  the  nature  of  the  tracks  and  trails  of  Worms  or  Molluscs,  or 
the  burrows  of  Annelides  or  Crustaceans ;  while  others  are  of  purely 
inorganic  origin.  Some  "  Fucoids,"  on  the  other  hand,  such,  for 
example,  as  some  of  the  Tertiary  or  Secondary  fossils  referred  to 
Chondrites^  may  really  be  the  remains  of  Sea-weeds.  Even,  however, 
in  cases  where  there  is  a  reasonable  probability  that  these  so-called 
"  Fucoids  "  are  really  Sea-weeds,  it  is  nevertheless  impossible  to  de- 
termine definitely  to  what  group  of  the  Alga  they  belong,  since  the 
fructification  of  the  plant  is  not  known.  In  the  following  brief 
account,  therefore,  of  the  past  history  of  the  Alga^  only  those  groups 
will  be  treated  of  which  are  of  palseontological  importance. 

Class  I.  DiATOMACEit. — The  Diatoms  are  unicellular  Algety  in 
which  the  cell-wall  is  hardened  by  the  deposition  of  silica  so  as  to 
give  rise  to  a  glassy  case  or  "  frustule,"  composed  of  two  halves 
which  fit  into  one  another,  and  which  are  often  minutely  sculptured 
with  lines  or  dots  (fig.  1359).     The  cells  may  be  solitary,  or  they 


f»g'  «359-— TypM  of  Diatoms,  greatly  magnified.  «,  Navic^la,  from  the  Kieselguhr  of 
FrantenlMid  ;  *,  Actinefiyckus,  from  Richmond,  Virginia ;  c,  Pinnuiaria,  from  Santafiora, 
Italy ;  i/,  Acknantfus,  from  Def^emfors,  Sweden ;  /,  DiatomUy  recent ;  /  TricertUium,  from 
the  guano  of  Saldanba  Bay,  Africa. 

may  be  organically  united  in  rows.  Reproduction  takes  place  by 
the  longitudinal  fission  of  the  cell,  each  of  the  daughter-cells  carry- 
ing off  half  of  the  original  cell-wall,  and  producing  the  missing  half 
afresh,  the  two  halves  of  the  siliceous  case  being  thus  of  different 
ages. 

The  existing  forms  of  the  Diatoms  are  exceedingly  numerous,  and 
have  an  extraordinarily  wide  distribution.  A  few  live  in  moist 
situations,  but  the  majority  are  truly  aquatic,  inhabiting  fresh,  brack- 
ish, or  salt  water$,  peculiar  typ)es  usually  being  confined  to  a  special 
habitat.     By  the  accumulation  of  their  flinty  envelopes  the  Diatoms 
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give  rise,  both  in  the  sea  and  in  fresh  waters,  to  very  extensive 
deposits,  the  general  nature  of  which  is  that  of  a  fine  siliceous  mud, 
sometimes  arranged  in  thin  laminae.  Of  this  nature  are  the  deposits 
known  as  " Kieselguhr,"  "  Bergmehl,"  "Tripoli,"  and  "Polir- 
schiefer,"  or,  simply,  as  "  Diatomaceous  Earths."  Such  deposits 
may  cover  wide  areas,  and  may  attain  a  very  considerable  thickness ; 
and,  under  an  erroneous  idea  as  to  their  true  nature,  they  have  been 
sometimes  spoken  of  as  "  Infusorial  Earths." 

As  regards  their  distribution  in  time,  the  cases  of  Diatoms  have 
been  stated  to  occur  in  the  ashes  of  the  coal  of  the  Coal-measures, 
but  this  observation  has  not  been  supported  by  subsequent  investi- 
gations. In  the  Middle  and  Upper  Trias  whole  strata  are  some- 
times largely  made  up  of  elongated,  parallel-sided,  siliceous  tubes, 
with  flattened  sides  and  rounded  ends,  which  have  been  described 
under  the  generic  name  of  Bactrynium^  and  which  may  possibly  be 
Diatoms.  If  this  be  their  real  nature,  they  are  comparatively  gigan- 
tic members  of  the  class,  as  they  attain  a  length  of  from  two  to  four 
millimetres.  Leaving  these  problematical  fossils  out  of  sight,  un- 
doubted Diatoms  occur  in  the  Upper  Chalk,  though  only  a  few 
forms  are  known.  The  regular  "  Diatomaceous  Earths  "  are  all  of 
Tertiary  or  Post-Tertiary  age ;  and  among  the  best  known  deposits 
of  this  epoch  may  be  mentioned  the  numerous  beds  of  "  Kieselguhr'* 
which  occupy  the  sites  of  ancient  lakes  in  various  regions  in  the 
northern  hemisphere,  the  "  Richmond  Earth "  of  Virginia,  the 
"  Tripoli "  of  Oran  in  Africa,  and  Bilin  in  Bohemia,  and  the  lami- 
nated "  Polir-schiefer  "  of  CasseL 

Class  II.  Phvcochromgphvc*. — The  AIg(B  included  in  this 
class  are  unicellular  or  multicellular,  usually  bluish-green  in  colour, 
and  inhabit  water  or  live  in  moist  places  on  land.  Reproduction 
takes  place  by  cell-division,  or  by  the  formation  of  asexually-produced 
cells  ("  gonidia").  The  integument  is  not  hardened  by  the  deposi- 
tion of  silica  within  it.  In  this  class  are  included  numerous  widely 
distributed  forms  of  the  Alga^  such  as  the  OscillaruB^  the  Nostocs, 
and  the  Desmids.  Owing  to  the  soft  nature  of  their  outer  covering, 
no  undoubted  remains  of  this  class  of  Alga  have  been  detected  in 
the  fossil  condition ;  but  remains  of  Nostoc  are  said  to  occur  in  strata 
of  Tertiary  age,  and  the  curious  spherical  and  spined  bodies  which 
are  known  as  Xanthidia^  and  which  are  sometimes  recognisable 
under  the  microscope  in  thin  sections  of  flint  or  chert,  have  been 
supposed  to  be  the  spores  of  Desmids. 

Class  III.  FucACEiE. — ^This  class  includes  the  common  brown 
Sea-weeds,  and  comprises  forms  which  are  often  of  considerable  size 
and  of  various  shape.  The  thallus  is  often  foliaceous  and  much 
branched,  or  may  be  more  or  less  filamentous.  The  reproductive 
organs  are  developed  in  special  cavities  or  "  conceptades."    The 
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integument  is  not  hardened  by  the  deposition  of  lime  or  flint.  Cer- 
tain Tertiary  fossils  have  been  described  by  palaeobotanists  as  be- 
longing to  this  group  of  Sea-weeds,  but  the  nature  of  many  of  these 
is  very  doubtful. 

Class  IV.  CHLOROSPOREiE. — This  class  includes  a  number  of 
green  or  olive-coloured  Algae,  which  live  in  the  sea  or  in  fresh  waters, 
and  which  reproduce  themselves  by  cell-division  or  by  the  develop- 
ment of  spores  in  special  cavities,  while  swarm-spores  occasionally 
exist.  The  only  group  of  this  class  which  attains  sufficient  palaeon- 
tological  importance  to  require  special  notice  is  that  of  the  Siphonea 
vertidllata.  This  family  includes  green-coloured  marine  Algae,  in 
which  the  thallus  consists  of  a  single  cell,  which  may  or  may  not  be 
hardened  by  the  deposition  of  carbonate  of  lime  in  its  wall.  The 
single  cell  which  constitutes  the  entire  plant  may  be  of  gigantic  size, 
comparatively  speaking,  and  may  be  simple  or  branched.  At  its 
base  the  cell  sends  out  root-like  prolongations,  by  means  of  which 
it  is  attached  to  foreign  bodies ;  while  its  ascending  portion  gives 
origin  to  whorls  of  lateral  tubular  processes.  Reproduction  takes 
place  by  the  development  of  swarm-spores  in  special  cavities  or 
chambers.  The  few  living  forms  of  this  family  (CymopoUa^  Neo- 
meris^  Acetabulariay  &c.)  are  inhabitants  of  warm  seas ;  and  with 
these  must  be  associated  an  extensive  series  of  fossil  types,  which 
have  been  commonly  regarded  as  referable  to  the  Foraminifera  or 
the  Corals,  and  the  real  nature  of  which  was  first  demonstrated  by 
Munier-Chalmas. 

As  above  pointed  out,  the  thallus  of  the  Siphonea  verticillata 
may  be  simple  or  dichotomously  branched,  and  consists  of  a  single 
axial  cell,  which  is  fixed  to  foreign  bodies  by  root-like  basal  exten- 
sions. The  unicellular,  often  divided,  axis  gives  out  at  intervals 
whorls  of  short  tubular  processes  (fig.  1360,  b),  the  point  of  origin 
of  each  whorl  being  commonly  marked  by  a  constriction  of  the  stem. 
In  some  cases  (^.^.,  in  Ovulites  and  Diplopord)  the  primary  whorled 
processes  do  not  subdivide ;  but  in  others  («.^.,  in  Cymopolia)  the 
primary  offshoots  (fig.  1360,  c,  c)  divide  again  into  secondary  pro- 
cesses, some  of  which  (3)  are  sterile,  while  others  {a)  are  connected 
with  reproduction.  The  sterile  offshoots  terminate  in  free  extremi- 
ties which  are  often  dilated  and  club-shaped,  and  by  their  apposi- 
tion give  rise  to  a  porous  superficial  layer.  The  fertile  offshoots,  on 
the  other  hand,  constitute  spherical  sporangia  (a),  which  are  wider 
than  the  sterile  processes,  and  are  at  the  same  time  supported  upon 
shorter  stalks. 

In  many  forms,  both  the  axis  and  the  verticillate  processes  derived 
from  it  secrete  a  thick  calcareous  crust  Where  the  lateral  whorled 
offshoots  are  simple  (as  in  Diplopora\  the  calcareous  crust  has  the 
form  of  a  simple  thickened  cylinder,  traversed  by  transverse  tubes, 
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which  correspond  with  the  lateral  processes,  and  open  by  pores  upon 
the  surface.  On  the  other  hand,  where  there  are  two  orders  of 
lateral  offshoots  (as  in  Cymcpoiia),  a  double  calcareous  cylinder  is 
produced,  the  inner  one  corresponding  with  the  axis  and  the  primary 
whorled  processes,  while  the  outer  one  is  formed  by  the  confluent 
clavate  ends  of  the  secondary  processes.  The  spherical  sporangia 
may  also  become  calcified,  and  may  present  themselves  as  rounded 


Fijf.  \-ifio,—CymopoUa  barhata  (=C.  marium\  from  the  Canary  Idands  (RecentV  A,  A 
specimen  of  the  natural  size,  showing  the  divided  thallus  ;  b.  Transverse  section  through  a  seg- 
ment  of  the  stem,  showing  a  whorl  of  lateral  processes,  of  which  some  are  sterile  uid  some 
fertile ;  c,  Part  of  the  same  whorl  enlarged  still  further,  showring  the  primary  lateral  processes  (c\ 
giving  off  sterile  offshoots  {b\  and  spherical  sporangia  (a).    (Alter  Schimper  and  Zittel.) 


cavities  in  the  skeleton.  Finally,  the  cylindrical  skeleton  may  be 
composed  of  annular  segments  or  may  be  undivided,  according  as 
the  axial  cell  is,  or  is  not,  constricted  at  intervals.  In  the  former 
case,  the  segments  are  often  readily  capable  of  separation,  and  in 
fossil  examples  often  present  themselves  as  detached  calcareous 
rings. 

When  the  calcareous  skeleton  is  all  that  is  open  to  our  inspection, 
as  in  fossil  specimens,  the  transverse  canals  with  their  superficial 
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pores,  corresponding  with  the  lateral  whorled  processes,  may  very 
readily  be  mistaken  for  the  tubes  of  poljrpes  or  the  chambers  of 
polythalamous  Foraminifera ;  and  the  fossil  forms  of  (he  family  were 
until  recently  regarded  as  referable  to  the  animal  kingdom.  It  was 
first  shown  by  Munier-Chalmas  ("Comptes  rendus,"  tom.  Ixxxv. 
p.  814,  1877)  that  the  supposed  Foraminifera  described  under  the 
names  of  Dactylopora  and  Ovulites  were  really  referable  to  the  Algay 
and  that,  along  with  many  other  types,  they  belonged  to  the  group 
of  the  Siphonea  verticiiiatce.  Palaeontologists,  in  fact,  are  now 
acquainted  with  an  extensive  series  of  fossil  forms  of  this  remark- 
able family  of  Aiga,  which  not  uncommonly  give  rise  to  very  con- 
siderable rock-masses,  and  thus  become  of  geological  importance. 
The  oldest  type  of  the  Siphonea  vertidllata  is  apparently  the  Ccslo- 
trochium  of  the  Middle  Devonian  of  the  Eifel ;  though  the  nature 
of  this  fossil  is  not  absolutely  certain.  The  Carboniferous  Limestone 
of  England  also  sometimes  contains  numbers  of  small  calcareous 
cylinders,  with  a  porous  surface,  which  are  probably  referable  to  this 
family ;  but  further  investigation  is  needed  before  this  can  be  posi- 
tively asserted.  It  is,  also,  not  impossible  that  the  organism  de- 
scribed by  De  Koninck  from  the  Carboniferous  Limestone  of  Bel- 
gium, under  the  name  of  MonticuUpora  inflata  —  which  likewise 
occurs  in  the  same  formation  in  Britain,  and  sometimes  attains  a 
considerable  size — may  really  be  a  peculiar  type  of  the  Siphonea, 
Apart  from  the  above,  the  first  undoubted  appearance  of  forms  of 
this  family  is  in  the  Permian  rocks,  in  which  the  genus  Gyroporella 
is  found.  It  is,  however,  in  the  Upper  Trias  that  the  maximum 
development  of  the  Siphonea  verticiliata  takes  place,  the  limestones 
of  this  period  being  often  essentially  made  up  of  the  cylinders  of 
Gyroporella  and  Diplopora^  as  occurs,  for  example,  in  the  Bavarian 
and  Tyrolese  Alps.  Various  forms  of  the  group  also  occur  in  the 
Jurassic  and  Cretaceous  rocks,  while  there  are  numerous  Tertiary 
types ;  but  the  family  is  at  the  present  day  represented  by  but  a  few 
species,  and  the  range  of  these  is  very  limited. 

Among  the  more  important  types  of  the  Siphonece  verticillatce 
which  occur  in  the  fossil  state  are  species  belonging  to  the  genera 
Cymopolia^  Larvaria^  Dactylopora^  Gyroporella  (with  Diplopora\ 
and  Uteria,  In  Cymopolia  (fig.  1360)  the  thallus  is  branched,  and 
is  covered  with  a  hollow  calcareous  crust,  the  surface  of  which  shows 
close-set  pores.  The  lateral  processes,  sterile  and  fertile,  are  devel- 
oped in  whorls,  separated  by  vacant  nodes.  A  living  species  of  this 
genus  is  found  in  the  seas  of  the  Canary  Islands  and  West  Indies ; 
while  the  calcareous  cylinders  of  fossil  forms  occur  not  uncommonly 
in  the  Eocene  Tertiary,  and  were  originally  described  under  the  name 
of  Dactylopora,  The  genus  Larvaria  is  nearly  allied  to  Cymopolia^ 
and  likewise  includes  forms — such  as  Z.  eruca  (fig.  1361,  a)  and 
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Z.  annuius  (fig.  1361,  b) — which  were  originally  described  under 
the  name  of  Dactylopora.  Existing  forms  of  Larvaria  are  known, 
and  fossil  types  occur  commonly  in  the  Eocene  Tertiary,  often  in 
the  form  of  separate  segments  of  the  calcareous  cylinder.  Dactylo- 
pora^  as  now  restricted,  includes  Eocene  and  Miocene  types,  and  is 
also  closely  allied  to  Cymopolia.  Gyroporella  (including  Diplopora) 
comprises  types  in  which  the  skeleton  has  the  form  of  a  short  calca- 
reous cylinder  (figs.  1361,  e-g),  from  one  to  six  millimetres  in  dia- 
meter, with  two  or  more  rows  of  pores  on  each  segment  of  the  stem. 
This  genus  begins  in  the  Permian  rocks,  and  is  so  enormously 


QiJ0^ 


Fig.  1361. — A,  Larvaria  {Dactvlopora)  /rwca  (recent)  magnified  30  diameiers,  and  viewed  from 
the  inner  face ;  b,  Larvaria  {Deutylo/^ora)  ohhuIhs^  from  the  £ocene  Tertiary,  magnified  40 
diameters,  viewed  in  profile,  and  showing  two  superimposed  ring^ ;  c,  The  same  viewed  from 
above  and  similarly  magnified  :  d,  Part  of  the  cylinder  of  Dactylopora  reticulata  (Tertiar}'). 
viewed  in  profile,  and  similarly  enlarged ;  e.  Fragment  of  Mtuchelkalk,  with  tubes  of  Gyr$p0rtUM 
cylindrica,  of  the  natural  size  ;  p,  Transverse  section  of  a  tube  of  the  vune,  enlarged  lodia- 
meters ;  g,  Vertical  section  of  the  same,  enlarged  za  diameters.  (Figs,  a-d  are  after  Carpenter; 
figs.  B-G  are  after  GQmbel.) 

developed  in  the  Trias  of  Southern  Germany  and  Switzerland  as  to 
give  rise  to  massive  and  widespread  beds  of  limestone.  A  species 
of  this  genus  also  occurs  in  great  numbers  in  the  Cretaceous  series 
of  the  Southern  Lebanon  Mountains.  In  the  genus  Ovulites^  again, 
the  skeleton  usually  presents  itself  in  the  form  of  a  small,  ovoid  or 
clavate,  calcareous  body,  enclosing  a  single  chamber,  with  r^ularly 
disposed  superficial  pores,  and  often  perforated  at  both  poles.  Such 
a  body  is  really  a  single  joint  of  the  stem  of  the  original  plant  The 
species  of  Ovulites  are  found  in  deposits  of  Eocene  and  Miocene 
age.    Lastly,  in  the  genus  Uteria^  the  skeleton  consists  of  branched, 
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cylindrical  calcareous  steins,  which  readily  separate  into  their  compo- 
nent segments.  Each  segment  is  hollow,  with  smooth  or  radiately- 
striate  articulating  surfaces  at  its  ends ;  the  inner  and  outer  walls 
being  porous,  and  the  space  between  these  being  vacant.  The 
detached  segments  of  Uiteria  occur  commonly  in  the  Eocene  deposits 
of  the  Paris  basin. 

Class  V.  FLORiDEiC. — This  class  includes  a  large  number  of 
marine  and  a  few  freshwater  A/ga,  which  are  in  general  red  or 
violet  in  colour.  The  thallus  is  very  variable  in  form,  and  is  often 
much  branched.  Reproduction  may  be  sexual  or  non-sexual.  In 
the  former  case  fertilisation  is  effected  by  means  of  non-motile 
antherozooids,  the  result  being  the  conversion  of  the  female  organ 
into  a  receptacle,  or  "  cystocarp,"  within  which  spores  are  formed. 
Non-sexual  reproduction  is  effected  by  means  of  special  cells 
("  tetraspores ")  developed  in  parts  of  the  thallus. 

With  regard  to  their  distribution  in  tinUy  a  few  types  of  the  ordi- 
nary Red  Sea-weeds  {Deiesseria^  Spharococcites,  &c.)  have  been  re- 
cognised as  occurring  in  the  older  Tertiary  deposits.  With  these 
limited  exceptions,  all  the  fossil  forms  of  this  class  belong  to  the 
Corallines  and  Nullipores  (Corallinea\  in  which  the  thallus  is  hard- 
ened by  the  deposition  of  carbonate  of  lime.  The  principal  genera 
of  the  family  of  the  Corallines  are  Corallina^  Melobesia^  and  Litho- 
thamnion. 

In  Corailina,  the  thallus  is  erect  and  branched,  and  is  composed 
of  rounded  or  wedge-shaped  calcareous  segments,  which  readily 
separate  from  one  another.  The  fructification  consists  of  "  cysto- 
carps,"  which  are  immersed  and  have  an  aperture  at  their  summit. 
The  "  Corallines "  are  exceedingly  abundant  in  existing  seas,  but 
little  is  certainly  known  of  their  occurrence  in  the  fossil  condition. 
They  are,  however,  stated  to  occur  in  the  Eocene  beds  of  the  Paris 
basin. 

In  Melobesia  the  calcareous  thallus  is  crust-like  and  foliaceous, 
and  is  attached  by  the  whole  of  its  lower  surface  to  foreign  bodies. 
The  superficial  layer  of  the  stony  crust  is  composed  of  minute 
cubical  cells,  but  the  deeper  cells  are  elongated.  The  "  cystocarps" 
are  immersed  within  the  thallus,  and  project  above  the  surface  as 
wart-like  tubercles.  Melobesia  has  not  been  clearly  recognised  in 
the  fossil  state,  though  it  is  not  improbable  that  it  will  ultimately  be 
found  to  occur  even  in  the  Palaeozoic  rocks. 

In  connection  widi  Melobesia  a  few  words  may  be  said  about  the 
carious  little  calcareous  bodies  known  as  **  coccoliths,"  since  it  has  been 
suggested  by  Carter  th&t  these  are  connected  with  the  reproduction  of 
Algae  belon^ng  to  this  ^enus.  Coccoliths  are  excessively  minute  cal- 
careous bodies,  of  a  discoidal  form,  which  are  found  in  the  mud  of  the 
deep  sea  at  the  present  day,  often  in  g^eat  numbers.    Similar  bodies 
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occur  abundantly  in  the  White  Chalk,  and  Gumbel  has  shown  that  they 
are  present  in  many  limestones,  even  in  those  of  the  older  Palaeozoic 
formations.  Two  distinct  forms  of  coccoliths  are  known,  which  have 
been  described  by  Huxley  under  the  names  of  "  discoliths  "  and  "  cyatho- 
liths."  The  former  of  these  (fig.  1362,  a)  are  minute  calcareous  discs, 
averaging  ^^^^  to  r^  inch  in  diameter,  provided  with  a  raised  rim  on 
one  side  {d  and  c),  and  having  a  central  corpuscle  or  nucleus.    The 


Fig.  X 362.— Coccoliths  and  coccosphere.  «,  A  "  discolith  "  seen  in  front  view ;  A  and  c, "  Dis- 
coliths "  viewed  edgeways ;  </,  **  Cyatholith  "  seen  in  front  view,  showing  the  outer  transpareot 
zone,  the  inner  granular  zone,  and  the  central  corpuscle ;  e,  "  Cyatholith"  seen  in  profile ;  ^  A 
*' coccosphere."  All  the  figures  are  greatly  magnified.  (After  W.  B.  Carpenter  and  WjnnUe 
Thomson.) 

"  cyatholiths  "  vary  from  ybW  to  ^^^  inch  in  diameter,  and  when  viewed 
sideways  (fig.  1362,  e)  are  seen  to  have  the  form  of  a  shirt-stud,  and  to 
consist  of  two  concavo-convex  calcareous  discs,  of  which  one  is  smaller 
than  the  other  and  is  united  to  the  concavity  of  the  larger  by  a  short 
stalk.  When  viewed  in  front  (^/)>  the  cyatholith  presents  itself  as  an  oval 
or  circular  body,  composed  of  two  concentric  zones  surrounding  an  ox'al 
central  corpuscle,  the  inner  of  the  two  zones  being  more  or  less  distinctly 
granular,  while  the  outer  one  is  transparent.  Cyatholiths  occur  in  vast 
numbers  in  the  mud  of  the  deep  sea  in  their  detached  condition,  but  they 
are  also  found  aggregated  into  spherical  masses,  which  may  reach  ^ 
inch  in  diameter,  and  are  known  as  "  coccospheres  "  (fig.  1362,  /).    The 

Crecise  nature  of  the  coccoliths  and  coccospheres  is  at  present  uncertain ; 
ut  it  has  been  suggested  by  Carter  that  the  "  coccospheres "  are  con- 
nected with  the  reproduction  of  species  of  Melobesia, 

The  only  remaining  genus  of  the  Corailinea:  which  demands  con- 
sideration   is  Lithothamnion^  under  which  are  included  the  well- 


Fig.  Z363. — Lithothamnion  ramosissimum,  a  *' NuUipore,"  from  the  "  Leitha-KaIk"of  tbe 
Vienna  basin,  a,  Portion  of  a  mass,  of  the  natural  size ;  b  and  c  Transverse  and  vertical  sec- 
tions of  the  same  magnified  330  diameters.    (After  Giimbel.) 

known  and  widely  distributed  calcareous  Alga  which  are  commonly 
spoken  of  as  "  Nullipores,"  and  which  are  exclusively  marine  in 


Digitized  by  LjOOQ  IC 


ALG^E. 


1497 


habit  The  thallus  of  the  NuUipores  is  highly  calcareous  and  of 
stony  hardness,  and  it  may  be  en- 
crusting, botryoidal,  stalactitic,  or 
bushy  in  form  (fig.  1363).  As  re- 
gards the  microscopic  structure  of 
the  calcified  thallus,  the  outer  layer 
is  formed  of  hexagonal  or  quad- 
rate cells  of  very  small  size,  while 
the  cells  of  the  interior  are  oblong 
in  shape.  The  fructification  con- 
sists of  "  cystocarps,"  scattered 
through  the  thallus,  and  either  im- 
mersed or  projecting  as  tubercles. 

As  regards  the  distribution  of 
the  genus  in  time,  the  remains  of 
species  of  Lithothamnion  are  found 
in  vast  numbers  in  various  Tertiary 
formations,  often  giving  rise  to 
massive  limestones,  such  as  the 
"  Leitha  -  Kalk  "  of  Austria  (fig. 
1364),  the  "  Nullipore-limestone  " 
of  Algeria,  and  others.  Remains 
of  Lithothamnion  are  also  found  in  the  Cretaceous  and  Jurassic 
rocks,  and  they  have  been  said  to 
occur  in  rocks  as  old  as  the  Car- 
boniferous Limestone.  The  fossil 
forms  of  Lithothamnion  do  not 
exhibit  any  marked  structural  dif- 
ferences as  compared  with  the  ex- 
isting types  of  the  genus. 

Class  VI.  CHARACEiE.  —  This 
class  comprises  a  number  of  fresh- 
water or  brackish-water  Algae,  of  a 
green  colour,  and  remarkable  for 
having  lateral  appendages  corres- 
ponding with  leaves.  The  thallus 
consists  of  a  central  stem  giving 
off  whorls   of  leaves   at  intervals, 


[.-Seciion  of  "  Leitha-Kalk " 

,,    from    the    neighbourhood    ot 

ienna,  showine  fragments  of  NuUipores 
LiUtctkamnum)^        '         '    -t  -- 


(Tertiary] 

Vi< 

(Z; 

(Original.) 


enlarged   three  Umes. 


,  .   ,      .       ^  —  J  Fig.  1365.— Part  of  the  thallus  of  Chora 

which    in    turn    give    on    secondary    /ra^/M(Recent),  showing  the  reproductive 

'--«->-       The   male   reproductive    ^^.,^^*£j:,?Zt)S^^ 

gonium  («) ;  c,  Crown  of  cells  at  the  apex 
of  the  carpogonitun  ;  ^,  Sterile  leaflets ; 
/r,  Large  lateral  leaflet  near  the  fruit; 
/9^,  fi\  Leaflets  attached  to  the  base  of  the 
carpogonium.    (After  Sachs.) 


leaflets, 

organ  has  the  form  of  a  spherical 
sac  (fig.  1365,  a),  and  has  been 
sometimes  spoken  of  as  the  "glo- 
bule." The  female  reproductive 
organ  or  "carpogonium" — ^sometimes  spoken  of  as  the 


*  nucule  " 
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^—consists  of  a  large  central  cell  surrounded  by  a  sheath  of  spirally- 
twisted  cells,  and  bearing  a  crown  of  small  teeth  at  its  summit 

(fig.  1365,  A 

The  recent  genus  Nitella  remains  permanently  soft,  and  is  un- 
known in  the  fossil  condition.  On  the  other  hand,  the  integu- 
ment of  Chara  itself  becomes  hardened  by  an  encrustation  of  car- 
bonate of  lime,  and  is  thus  capable  of  preservation  in  the  fossil 

state.  The  fossil  forms  of  the  genus 
Chara  occur  in  the  Triassic,  Juras- 
sic, and  Cretaceous  formations,  and 
are  abundant  in  parts  of  the  Ter- 
tiary series.  In  some  cases  (as  in  the 
chert  of  the  Purbeck  beds)  the  stems 
are  found ;  but  the  fruits  or  "  carpo- 
gonia  "  are  more  commonly  preserved 
These  have  the  form  of  spirally  ridged 
or  grooved,  ovoid  or  globular  bodies 
(fig.  1366),  and  the  first  type  dis- 
covered was  described  by  Lamarck  under  the  name  of  "Gyro- 
gonites."  The  fossil  carpogonia  of  species  of  Chara  are  abund- 
antly found  in  certain  freshwater  deposits,  both  of  Secondary  and 
of  Tertiary  age. 

Fungi. 

The  series  of  the  Fungi,  in  which  the  Lichens  are  now  included, 
comprises  Thallophytes  which  are  closely  allied  to  the  Aiga,  but 
which  are  devoid  of  chlorophyll.     Owing  to  the  soft  nature  of  their 


Fig.  1^66.— a,  Carpogoniumof  Chara 
GressitUf  Tertiary,  enlarged ;  ^,  C^*^P<>* 
gonium  of  Chara  Mtdicaginula  ("  Gy* 
rogonites"),  from  the  Eocene  beds  of 
the  Paris  basin,  enlarged.  (After  Schim- 
per  and  Zittel.) 


Fig.  X367.— A,  A  lenticular  specimen  <A  Archagaricon^  of  the  natural  sixe;  B.  Slice  of  the  same 
showing  the  tubes  and  vesicles,  enlarged.    Coal-measures.    (After  Hancooc  and  Atthey.) 

tissues,  the  Fungi  can  only  be  preserved  in  the  fossil  state  under 
specially  favourable  conditions.  The  plants  of  this  series  are,  there- 
fore, of  very  small  palseontological  importance,  and  may  be  very 
briefly  dismissed. 
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Various  minute  forms  of  Imngi  have  been  recognised  as  occurring 
on  the  leaves  of  fossil  plants,  the  oldest  of  these  being  found  on 
the  leaves  of  Cycads  in  Triassic  deposits.  The  fossil  leaves  of 
Tertiary  plants  are  very  commonly  attacked  by  these  parasitic  plants ; 
and  other  minute  forms  have  been  detected  in  amber.  In  other 
cases,  the  mycelial  tubes  of  a  Fungus  have  been  preserved  within 
the  woody  stem  of  a  plant  of  higher  grade,  or  the  entire  Fungus 
may  have  undergone  silicification.  Thus,  the  mycelial  tubes  of  a 
Fungus  (Peronosporites)  have  been  detected  in  the  tissues  of  the 
stems  of  Carboniferous  plants.  Messrs  Hancock  and  Atthey  have 
also  described,  under  the  name  of  Archagaricon^  certain  silicified 
fossils  from  the  Coal-measures  of  Northumberland,  which  they  re- 
gard as  referable  to  the  Fungi.  These  remarkable  fossils  (fig.  1367) 
present  themselves  as  oval,  rounded,  lenticular,  or  irregular  bodies, 
under  an  inch  in  length,  which  appear  on  microscopic  examination 
to  be  composed  of  irregular,  ramifying,  tubular  filaments,  terminat 
ing  in  rounded  vesicles. 

Lichens  are  almost  unknown  as  fossils,  no  example  of  these  plants 
having  been  detected  in  any  Palaeozoic  or  Mesozoic  deposit  A 
few  forms  have,  however,  been  recognised  in  amber,  and  others 
have  been  detected  on  the  bark  of  fossil  trees  in  lignites  of  Tertiary 
age. 
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CHAPTER    LXVI, 

SUB^KINGDOM     CORMOPHYTA, 

Series  Bryophyta  and  Pteridophyta. 

Sub-Kingdom  B.  Cormophyta.  —  This  division,  which  includes 
all  other  plants,  can  only  be  distinguished  as  a  whole  from  the 
Thallophyta  by  the  general  presence  of  leaves,  stem,  and  root ;  or 
at  least  by  the  opposition  of  the  stem  and  root  The  alternation 
of  generations  is  more  regular  than  in  the  Thallophytes ;  a  sexual 
production  of  sporophores,  and  an  asexual  production  of  oophores, 
following  in  sequence. 

Series  I.  Bryophyta. — The  first  series  includes  the  Mosses 
and  Liverworts,  which  are  cellular  plants,  with  complete  alternation 
of  generations,  and  without  true  vascular  tissue.  The  spores,  either 
directly,  or  by  the  intervention  of  a  protonema^  give  rise  to  the 
sexual  generation,  or  oophore^  which  forms  the  main  plant,  in  the 
female  organ  {archegonium)  of  which  arises  the  sporogonium  {sporo- 
phore)  from  which  the  spores  are  asexually  produced.  The  main 
plant  is  therefore  a  sexual  oophore. 

Class  i.  Musci. — In  the  Mosses  the  spore  produces  a  large 
conferva-like  protonema,  from  which  the  plant  (oophore)  arises  by 
lateral  branching,  and  is  differentiated  into  stems  and  leaves  upon 
which  the  sexual  organs  are  formed.  The  class  is  practically  of  no 
palaeontological  importance,  and  it  will  accordingly  be  unnecessary 
to  notice  its  divisions.  All  the  fossil  forms  at  present  known  are 
of  Tertiary  age ;  but  from  the  occurrence  of  a  Jurassic  Beetle  allied 
to  types  which  live  in  moss,  it  is  inferred  that  the  class  is  really 
much  older.  A  number  of  species  have  been  found  in  amber,  most 
of  which  appear  allied  to  existing  European  tjrpes ;  and  some  also 
occur  in  the  Miocene  of  Bonn  and  the  Upper  Eocene  of  Provence^ 
but  the  absence  of  fructification  renders  their  generic  position  un- 
certain. The  genus  Sphagnum,  or  Peat-moss,  has,  however,  been 
definitely  determined  from  the  Miocene  of  Westerwald. 
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Class  2.  Hepatica. — The  Liverworts  differ  from  the  Mosses 
in  the  absence  of  true  leaves,  and  in  the  bilateral  condition  of  the 
plant,  which  has  the  side  exposed  to  the  light  differently  organised 
from  the  concealed  one;  the  oophore,  moreover,  generally  arises 
directly  from  the  spore,  the  protonema,  when  present,  being  insig- 
nificant Hair-like  growths,  representing  aborted  leaves,  are  occa- 
sionally present  on  the  under  side  of  the  plant;  and  it  is  fairly 
certain  that  Liverworts  are  to  be  regarded  as  degraded  forms  which 
have  lost  the  leaves  and  branches  of  the  Musci.  The  widely  spread 
existing  genus  Marchantia  is  represented  in  the  European  Eocene 
and  Miocene,  and  numerous  Jungermanniacea  have  been  found  in 
amber ;  but  beyond  this  nothing  is  known  of  the  palseontological 
history  of  the  class. 

Series  II.  Pteridophvta. — The  Pteridophytes  are  characterised 
by  the  great  vegetative  development  of  the  sporophore,  and  the 
tendency  to  the  suppression  of  that  of  the  oophore,  or  sexual 
generation.  Their  tissue  develops  fibro-vascular  bundles,  and  there 
is  a  distinct  epidermis.  There  is  also  a  complete  alternation  of 
generations,  the  spore  developing  a  sexual  prothallium  (oophore), 
from  the  archegonium,  or  female  organ,  of  which  is  sexually  pro- 
duced the  main  plant  or  sporophore,  which  in  its  turn  asexually 
develops  spores  of  one  or  two  kinds  in  organs  termed  sporangia  ; 
the  latter  being  generally  borne  either  on  ordinary  or  specialised 
leaves,  but  in  some  cases  on  the  stem.  It  will  be  apparent  from 
this  that  the  main  plant  is  an  asexual  sporophore  corresponding 
physiologically  with  the  sporogonium  of  the  Bryophytes,  while  the 
sexual  prothallium  represents  the  leaf-bearing  plant  of  the  latter. 

The  Pteridophytes — equivalent  to  the  Acrogens  of  older  writers — 
are  of  extreme  importance  to  the  palaeontologist,  since  they  contain 
several  groups  of  entirely  extinct  types ;  and  in  the  earlier  epoch  of 
the  earth's  history,  when  they  were  not  brought  into  extensive  com- 
petition with  the  Phanerogams,  they  attained  an  importance,  both 
in  the  number  of  types  and  in  the  large  size  attained  by  many  of  their 
representatives,  which  entitles  them  to  be  considered  the  dominant 
forms  of  the  Palaeozoic  epoch. 

Class  I.  FiLiCACEiE. — The  Ferns  and  their  allies  have  the  leaves 
highly  developed,  and  frequently  much  branched  in  a  pinnate  man- 
ner; the  sporangia  being  numerous,  and  borne  either  upon  the 
ordinary  or  specially  modified  leaves,  on  which  they  are  usually 
arranged  in  groups  or  sort.  The  class  may  be  divided  into  three 
orders. 

The  leaves  of  Filicaceae  may  be  either  simple,  as  in  Glossopteris  (fig. 
'376),  or  pinnate.  Among  pinnate  types  the  pinnation  may  be  simple, 
as  in  Neuropteridium  (fig.  1373),  when  the  leaflets  or  pinnules  are  ar- 
ranged upon  a  single  shaft ;  or  bipinnate  {Neuropteris,  fig.  1371),  when 
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secondary  shafts  are  developed ;  tripinnate,  as  in  Spkenopterts  (fig.  1369), 
when  tertiary  shafts  occur ;  or  multipinnate.  The  coverings  of  the  sori 
are  termed  indusia;  and  when  the  stem  is  creeping  it  is  known  as  a 
rhizome. 

Order  i.  Stipulate — ^This  order  now  contains  only  the  two 
families  Ophioglossacea  and  Marattiacea,  characterised  by  the  pres- 
ence of  stipules  at  the  base  of  the  petioles  of  the  leaves.  Of  the 
former  Ophioglossum  (Adder's-tongue),  in  which  the  sporangia  are 
embedded  in  the  tissue  of  the  partly  sterile  and  partly  fertile  leaves, 
occurs  in  the  Middle  Eocene  of  Monte  Bolca ;  while  it  is  probable 
that  Chirapteris,  of  the  Keuper  of  Wiirtemberg,  is  not  really  separ- 
able. In  the  second  family,  where  the  sporangia  are  external,  as 
in  the  Ferns,  the  existing  genus  Marattia  occurs  in  the  Rhaetic  and 
Lias  of  the  Continent  Dancsites  and  Danaopsis^  on  the  other 
hand,  are  extinct  types,  the  former  occurring  in  the  Cretaceous  of 
£urope,  and  the  latter  in  the  Keuper,  and  probably  also  in  the 
Permian,  of  the  Tyrol,  as  well  as  in  the  Rajmahal  stage  of  the 
Indian  Gondwanas.  Finally,  the  living  genus  Datuta  occurs  in  the 
Lias  of  Verona.  Several  of  the  fossil  forms  have  been  confused 
with  the  Taniopteridea^  while  Schimper  has  referred  to  this  family 
some  of  the  forms  noticed  under  the  Pecopttridea,  According  to 
Mr  Kidston,  the  Archaopteridea  should  probably  be  placed  in  this 
order. 

Order  2.  Filices. — In  existing  Ferns  stipules  are  wanting ;  and 
there  is  only  one  kind  of  spores ;  so  that  the  sexual  stage  is  not 
reached  till  the  prothallium. 

Existing  forms  are  classified  by  the  nature  of  their  fructification ;  but 
since  this  is  generally  unknown  in  the  earlier  fossil  types,  we  are  com- 
pelled to  classify  them  by  the  nature  of  the  pinnation  and  venation  of  the 
leaves,  and  as  these  are  subject  to  great  variation  among  allied  existing 
genera,  it  is  evident  that  this  classification  is  more  or  less  of  an  artificial 
nature.  It  will  be  convenient  to  follow  Schimper's  plan  of  treating  first 
of  those  existing  families  which  are  known  to  be  represented  in  a  fossil 
state,  and  then  to  notice  the  forms  of  which  the  position  is  more  or  less 
uncertain,  but  which  are  provisionally  arranged  in  families. 

Existing  Families. — In  the  existing  series  the  family  Omun- 
dacea  has  the  paniculate  fructification  borne  on  specialised  leaves, 
which  may  or  may  not  be  like  the  sterile  ones.  The  type  genus 
Osmunda,  which  is  mainly  characteristic  of  warmer  r^ons,  al- 
though represented  in  England  by  the  Royal-Fern,  occurs  fossil  in 
the  Cretaceous  of  Westphalia  and  Greenland,  in  the  Laramie  beds 
of  North  America,  and  in  many  of  the  European  Tertiaries.  An 
allied  form,  from  the  freshwater  deposits  of  Chemnitz,  has  been 
named  Asterociana.  In  the  Schizeacea^  which  usually  have  the 
fructification  borne  in  spikes  or  panicles  on  the  lacinia  of  the 
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leaves,  the  existing  tropical  genus  Lygodium  occurs  in  Europe  from 
the  Cretaceous  to  the  Miocene,  and  also  in  the  Laramie  beds  of  the 
United  States.  The  third  family — Gieicheniacece — has  the  sessile 
sporangia  borne  in  naked  sori  upon  the  dorsal  surface  of  ordinary 
leaves,  each  sporangium  having  a  complete  transverse  ring,  and 
bursting  with  a  longitudinal  slit ;  while  the  stem  forms  a  creeping 
rhizome.  The  existing  tropical  genus  GUichenia  is  represented  by 
closely  allied  forms  in  the  Cretaceous  of  Greenland,  the  Rajmahal 
group  of  the  Indian  Gondwanas,  and  in  the  Lias  of  Verona,  some 
of  which  have  been  separated  as  GUichenites,  DidymosoruSy  from 
the  Cretaceous  of  Greenland  and  Saxony,  with  two  sori  on  each 
leaflet,  connects  the  preceding  with  Mertensia,  The  latter,  which 
has  two  rows  of  sori  on  each  leaflet,  and  is  now  confined  to  the 
southern  hemisphere,  occurs  in  the  Cretaceous  of  Greenland  and 
Hungary.  The  Hymenaphyliacea,  or  Film-ferns,  in  which  the  sessile 
sori  are  covered  by  an  indusium,  are  represented  by  one  species  in 
the  Upper  Eocene  of  Provence ;  while  Schimper  has  referred  to  the 
type  genus  Hynunophyllum  a  Carboniferous  fern.  It  is  probable 
that  some  of  the  Sphenapteridea  are  more  or  less  closely  related  to 
this  family.  The  fifth  family — Cyathecacea — which  includes  the 
tropical  Tree-ferns,  is  of  more  palaeontological  importance;  it  is 
characterised  by  the  stalked  sporangia,  situated  in  closely  packed 
sori,  which  may  be  naked  or  covered.  Of  Tree-ferns,  in  which 
there  is  a  tall  stem,  often  covered  with  roots,  and  crowned  with  a 
rosette  of  leaves,  the  existing  Alsophila  is  represented  in  the  Lower 
Eocene  of  Suzanne,  which  also  contains  other  allied  forms.  The  Car- 
boniferous Ckoroniopteris  should  perhaps  find  a  place  here.  Of  smaller 
forms,  the  genus  Onoclea  (in  which  Schimper  includes  Struthiopteris) 
is  represented  in  the  Laramie  Cretaceous  and  the  Miocene  of  the 
United  States,  as  well  as  in  the  Eocene  of  the  Isle  of  Mull,  by  the 
existing  O.  sensibilis  of  North  America ;  thus  offering  a  remarkable 
instance  of  the  persistence  of  a  specific  type.  The  Mull  form  was 
originally  described  as  Filicites,  The  Laramie  series  also  yields  an 
extinct  species  of  this  genus.  These  ferns,  like  the  following,  have 
the  sporangia  borne  on  specialised  leaves.  Dicksonia,  which  is 
mainly  tropical  and  often  tree-like,  occurs  in  the  European  Keuper, 
and  more  abundantly  in  the  Jurassic,  and  is  also  found  in  the 
Indian  Rajmahal  beds.  Finally,  Thrysopteris^  now  known  only 
by  a  single  species  from  Juan  Fernandez,  is  also  very  common 
in  the  European  and  Siberian  Jurassic  (fig.  1368),  where  it  has 
been  described  as  Coniopteris  and  Tympanophora.  In  addition 
to  the  special  fertile  leaves,  a  few  sori  are  borne  at  the  base  of 
the  ordinary  leaves,  as  shown  in  the  figure. 

Lastly,  we  come  to   the   extensive  family  Polypodiacec^^  which 
includes   the  greater  number  of  European  ferns,  and  is  divided 
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into  several  subfamilies.  The  sporangia  are  very  numerous,  and 
are  borne  on  the  underside  of  usually  unmodified  leaves;  and 
they  split  transversely.  Of  the  subfamilies,  the  Foiypodiea 
are  perhaps  represented  by  the  typical  Polypodiutn  in  the  Mio- 
cene of  Switzerland ;  Chi- 
lanthes  occurs  in  the  same 
deposits;  while  the  widely- 
spread  Pteris  (Bracken)  is 
found  abundantly  in  the 
Upper  Cretaceous  and  the 
Middle  and  Upper  Tertiaries 
of  Europe,  and  also  in  the 
Laramie  and  Tertiaries  of 
America.  Adiantum  is  also 
equally  well  represented 
throughout  the  European 
Tertiaries,  and  if  we  include 
in  it  the  so-called  Adiantites^ 
it  ranged  down  to  the  Ju- 
rassic. In  the  Aspleniea, 
Blechnum  (Hard-fern),  distin- 
guished by  having  both  fertile 
and  sterile  leaves,  of  which 
the  latter  are  simply  pinnate, 
occurs  in  the  Continental 
Eocene  and  Miocene.  Cu- 
riously enough,  the  South 
American  genus  Hewardia 
is  found  in  the  Upper  Eo- 
-..       ^o     -       ,  u      u      r   u    ,  t  cene  of  Boummouth.    Wood- 

Fig.    1368.  —  Lateral    branches  of   the    leaves    of  ,    , 

ThrysoMerU  Murrayana;  from  the  Inferior  Oolite    Wardta^    nOW    represented    Oy 
of  Yorkshire.      Enlarged    leaflets,    with    sori,    are    ^'   1  .  „««^'   „  r«^.^  ♦u«,  ».a..»>a«. 

shown  in  the  lower  figure.  eight  species  from  the  Warmer 

regions  of  the  world,  occurs 
in  the  Pliocene  and  Miocene  of  Europe,  the  species  from  the  for- 
mer, and  perhaps  also  that  from  the  latter,  horizon  being  identical 
with  an  existing  type ;  this  genus  also  occurs  in  the  Miocene  of 
the  United  States.  Asplenium^  which  at  the  present  day  numbers 
some  300  species,  occurs  commonly  throughout  the  European  Ter- 
tiaries, and  is  also  found  in  the  Cretaceous ;  some  of  the  species 
being  allied  to  existing  European  forms,  while  others  are  more 
nearly  related  to  those  of  the  tropics.  It  appears,  moreover,  that 
Ferns  from  the  Jurassic  of  Siberia  and  the  Jurassic  and  Rhaetic  of 
Europe,  described  under  the  name  of  CladophUbis  and  Alethopteris^ 
are  referable  to  this  genus.  Ferns  of  this  genus  also  occur  in  the 
English  Wealden ;  in  both  the  Lower  (Damuda)  and  Upper  (Raj- 
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mahal)  Gondwanas  of  India;  and  in  certain  New  Zealand  beds, 
correlated  by  Baron  von  Ettingshausen  ¥rith  the  Trias.  In  the  last 
subfamily,  or  the  Aspidiec^^  the  cosmopolitan  Aspidium  and  the 
allied  Lastraa  occur  commonly  from  the  Middle  Tertiaries  upwards. 

Fossil  Families. — An  enormous  number  of  Palaeozoic  and  Meso- 
zoic  Ferns  belong  to  this  series,  but  only  a  few  of  the  more  important 
types  can  be  even  mentioned.  The  SphenopteridecR  comprise  a 
number  of  Ferns,  mostly  of  very  delicate  structure,  and  extremely 
difficult  to  classify.  They  are  usually  multipinnate,  with  the  pinnae 
in  some  cases  dichotomous  \ 
at  least  the  terminal  leaflets 
are  narrowed  at  the  base ; 
while  all  are  often  lobate, 
and  with  the  veins  dividing 
in  a  pinnate  or  forked  man- 
ner from  the  base.  The  fruc- 
tification of  some  forms  has 
been  described  by  Mr  Kid- 
ston,  and  it  is  suggested  that 
one  or  more  of  the  genera 
may  be  allied  to  the  existing 
Hymenophyllacea,  Many  of 
the  species  have  exceedingly 
delicate  fronds.  Among  the  Carboniferous  genera  may  be  men- 
tioned Sphenopteris  (fig.  1369),  Calymmatotheca^  Ztiiieriay  Uma- 
topteris^  in  which  there  are  fertile  and  sterile  leaves,  Oligocarpia^ 
Renaultia^  Rhachopteris^  Sphenopteridium^  and  Eretnopteris  (fig. 
1370).  Of  these,  the  first  ranges  from  the  Devonian  to  the  Lower 
Jurassic  of  Europe,  and  is  also  found  throughout  a  large  part  of  the 
Indian  Gondwanas,  in  the  African  Karoo  system,  in  the  Australian 
Hawkesbury  beds,  in  New  Zealand,  and  the  Palaeozoic  of  the  United 
States.^  Eretnopteris  also  occurs  in  the  Indian  Gondwanas,  and 
ranges  in  Europe  to  the  Permian ;  and  a  Fern  from  the  Kimeridgian 
of  France  has  been  named  Stenopteris, 

The  family  Archaopteridece  (Palaopteridece)  was  placed  by  Schim- 
per  in  the  present  serial  position ;  but  the  recent  observations  of 
Mr  Kidston  upon  the  type  genus  appear  to  indicate  that  it  should 
be  transferred  to  the  Stipulatae — although,  until  the  necessity  for 
such  transference  be  absolutely  proved,  it  appears  preferable  to 
leave  the  family  in  its  old  position.  The  leaves  are  bipinnate,  and 
both  these  and  the  leaflets  are  usually  stalked ;  the  leaflets  being 
broad  and  often  lobate.     The  type  genus  Archaopteris^  which  has 


Fig.  1369.— Part  of  a  leai  of  Sphenofteris 
iri/oiiata;  from  the  European  Carboniferous. 
(After  Schimper.) 


^  Ferns  from  the  Laramie  beds  and  American  Tertiaries  have  been  referred  to 
this  genus. 
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also  been  generally  known  by  the  preoccupied  name  of  Palaoptem, 
occurs  in  the  Devonian  and  Carboniferous  of  both  Europe  and  the 
United  States.  According  to  Mr  Kidston,  it  has  stipules  on  the 
leaves,  and  its  fructification  appears  to  consist  of  sporangia  devoid 
of  annuli,  and  closely  resembling  those  of  the  Marattiacea.  The 
genus  Aneimeites^  from  the  Devonian  of  Canada,  has  been  placed 
by  Sir  J.  W.  Dawson  and  Mr  Kidston  in  the  same  family ;  which  is 


Fig.  xno^'-EremopUris  arttmitie^olia  :  from  the  Carboniferous. 

also  taken  to  include  Triphyilopteris,  from  the  European  Carbon- 
iferous.    The  latter  genus  has  both  fertile  and  sterile  leaves. 

With  the  important  family  of  the  NeuroptericUa  we  return  to  the 
consideration  of  true  Filices.  In  this  group  the  leaves  vary  from  a 
simple  to  a  tripinnate  type  ;  the  leaflets  being  either  long  or  ovoid, 
and  often  narrowed  at  the  base,  with  the  midrib  disappearing  to- 
wards the  extremity,  and  the  veins  equal,  and  in  typical  forms  rising 
at  an  acute  angle.  The  genus  Neurapteris  (fig.  137 1)  is  a  bipinnate 
type  very  common  in  the  Carboniferous,  but  also  extending  into  the 
Permian  of  Europe.  The  allied  Cydopteris  (which  is  not  admitted 
by  Mr  Kidston  as  a  distinct  genus)  extends  in  Europe  from  the 
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Carboniferous  to  the  Rhsetic,  and  is  also  found  in  the  upper  part 
of  the  Lower  Gondwanas  of  India  (fig.  1372).     The  leaf  has  sub- 


Fig.  1371.— I/atro^ttris  heterophylla  ;  from  the  Coal>ineasures  of  Europe. 
The  lower  figure  shows  a  single  leaflet  enlarged. 

orbicular  leaflets  resembling  those  of  the  existing  Maiden-hair  fern, 
with  no  midrib,  and  the  veins  numerous  and  dichotomising  as  they 
radiate  to  the  margin. 
The  typical  Carbonifer- 
ous forms,  according  to 
Mr  Seward,  have  pinnate 
leaves,  but  in  the  figured 
Rhstic  form  referred  by 
Dr  Feistmantel  to  this 
genus  they  are  bipinnate. 
Neuropteridium  (fig.  1373) 
is  a  simply  pinnate  form  occurring  in  the  Lower  Trias  of  Europe, 
and  in  the  base  of  the  Lower  Gondwanas.     Dictyopteris  includes 


Fig.  1372.— Part  of  leaf  of  Cychpteris  pachyrhmcki*  ; 
from  the  Panchet  stage  of  the  Lower  Gondwanas  of 
India.    (After  Feistmantel.) 
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Carboniferous  ferns  with  a  net-like  venation  as  in  Giossopteris  (fig. 

1376).  Finally,  Mr  Kidston  includes  in  this  family  the  simply  pin- 
nate Cardiopteris,  of  the  Lower  Carbon- 
iferous, in  which  the  somewhat  heart- 
shaped  leaves  are  devoid  of  a  midrib. 
The  Odontopteridea  form  a  well-defined 
family  with  bi-  or  tripinnate  leaves,  in 
which  the  leaflets  are  attached  by  the 
whole  width  of  their  base;  the  leaflets 
are  non-lobate,  with  their  veins  proceed- 
ing wholly  from  the  base,  or  in  part  from 
an   indistinct   midrib.      The  type  genus 


Fig.  1373.— Part  of  leaf  of  Ntnroptcridium  elegans^  and  two  leafleu  enlarged  ; 
from  the  European  Trias. 

Odontopteris  {^g.  1374)  occurs  in  the  Carboniferous  and  Permian, 
the  figured  species  being  common  to  Europe  and  North  America. 


Fig.  1374.— Part  oi\taS oi  OdoHto^ieris  otmuttdef/ormis  ;  from  the  Carboniferous  of  Europe. 

The  bipinnate  Ctenopteris  (fig.  1375),  from  the  Rhaetic  and  Lower 
Lias,  has   leaves  curiously  resembling  those  of  the  Cycadaceous 
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Bawenia,  The  AiethopteridecB  are  multi-pinnate  ferns  with  a  strong 
general  resemblance  to  the  existing  Pteris^  and  at  least  some  of 
which  h^ve  a  similar  marginal  fructification.  The  leaflets  are 
attached  by  their  whole  base,  the  bases  of  adjacent  leaflets  being 
united ;  and  the  midrib  is  complete.  Alethopteris^  of  the  Carbon- 
iferous and  Permian,  is  common  to  Europe  and  the  United 
States;  the  Mesozoic  forms  described  under  this  name  having 
been  noticed  under  the  head  of  Asplenium,  Lonchopteris^  of  the 
Carboniferous,  is  distinguished  by  its  net  venation ;  while  we 
have  another  type  in  the  Permian  CalHpteris,  Another  multi- 
pinnate  type  is  constituted  by  the  Pecopteridea^  which  agree  with 
the  last  family  in  the  attachment  of  the  leaflets,  with  the  ex- 
ception that  the  adjacent  bases  are  usually  distinct ;  the  midrib, 
although  slender,  continues  to  the  extremity ;  and  the  veins  arise 
less  obliquely  than  in  the  Neuropteridea,     The  typical  Pecopteris 


P^K   1375* — A  pinna  olCtenttpteris  cycadta  ',  from  the  Lower  Lias.    The  right-hand  figure 
shows  an  enlarged  pinnule  or  leaflet. 


contains  a  very  large  number  of  species,  some  of  which  are  tree-like, 
from  the  Devonian  and  Carboniferous  of  both  Europe  and  North 
America ;  and  many  of  which  have  been  referred  to  the  Marattiacea 
under  the  names  of  Asterotheca^  Stichopteris,  &c.,  but  which  Mr 
Kidston  considers  to  be  generically  inseparable.  It  also  occurs  in 
the  Trias  of  Europe,  and  in  Lower  Mesozoic  beds  in  New  Zealand. 
Other  Carboniferous  genera  are  Mariopteris^  Callipteridium^  and 
Dactylotheca,      In  the  Mesozoic  we  have  also  a  large  number  of 
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forms  which  may  be  provisionally  placed  here,  although  it  is  prob- 
able that  at  least,  a  moiety  belong  to  existing  families.     One  series 
has  been  named  on  the  evidence  of  sterile,  and  the  other  on  that  of 
fertile  leaves,  and  there  is  accordingly  a  considerable  probability  that 
different  genera  have  been  named  from  a  single  species.     Of  the 
former  series  a  fern  from  the  Keuper  and  the  Panchet  series  of  the 
Indian  Gondwanas  has  been  described  as  Pecopteris  concinna ;  and 
we  also  have  Lepidopteris  from  the  Rhaetic,  Merianopteris  from  the 
Keuper  and  the  Damuda  series  of  the  Gondwanas,  Anomopteris  of 
the  Keuper,  and  Crematopteris  of  the  Bunter.    In  the  second  series, 
where  the  leaves  consists  of  palmate  branches  on  a  long  stalk,  we 
have    Lacopteris^    Matonidium^    Marzaria^  Andriana^  &c       The 
Pachypteridea  are  Mesozoic  ferns,  with  small  leaves,  and  include  the 
Liassic  Dichopteris^  and  the  Oolitic  ScUropteris  and  Stcuhypteris ; 
Pachypteris  itself  being  a  doubtful  form  probably  based  upon  re- 
mains of  two  of  the  preceding  genera.     The  fructification  of  some 
of  these  Ferns  resembles  that  of  the  existing  tropical  Polypodiaceous 
genus  Onychium^  to  which  they  may  be  allied.      In  the  present 
family  Dr  Feistmantel  would  include  Thinnfeldia^  a  peculiar  genus 
having  thick  leaves,  which  may  be  only  simply  pinnate,  with  lobate 
pinnae ;  and  occurring  typically  in  the  Rhaetic  and  Lower  Lias,  but 
also  found  in  the  Indian  Panchets,  in  the  reputed  Trias  of  New 
Zealand,  in  the  Hawkesbury  and  overlying  beds  of  Australia,  and 
also  in  Argentina.     The  Lomatopteridea  include  a  few  Mesozoic 
ferns  of  allied  types,  having  thick  fleshy  leaves,  which  are  usually 
simply  pinnate,  with  lobation  of  the  pinnae.     Exclusive  of  the  last- 
named  genus  this  family  contains  Lomatopteris^  extending  from  the 
Bath  Oolite  to  the  Kimeridgian  and  probably  the  Wealden ;  and 
Cycadopteris,  which  ranges  from  the  Lias  to  the  Upper  Jurassic. 

With  the  Taniopteridea  we  come  to  a  family  easily  recognisable 
by  their  usually  simple  strap-like  leaves  (fig.  1376),  with  a  well- 
developed  midrib,  which  are  curiously  like  those  of  the  Plaintain 

{Musa),     It  may  be  di- 
■-- vided  into  two  subfami- 

lies, according  to  the 
venation.  In  the  first 
subfamily,  with  a  normal 
venation,    Taniopteris  is 

Fig.  i376.-Leaf  of  Glotso^UrU  rttifera;  from  the  Lower     ^presented       by     a     fcW 
Gondwanas  of  India.    Reduced.    (After  Feisunantel.)        European       and       North 

American  Carboniferous 
species,  and  also  occurs  in  the  Trias  of  Europe  and  New  Zealand. 
The  allied  Macrotaniopteris  comprises  some  very  large  ferns,  rang- 
ing in  Europe  from  the  Keuper  to  the  Lower  Lias,  and  doubtfully 
to  the  Inferior  Oolite,  while  it  occurs  in  India  in  both  the  Upper 
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and  Lower  Gondwanas,  and  is  also  found  in  New  Zealand  and 
Australia.  Falaavitiaria  seems  peculiar  to  the  Damuda  series  of 
the  Lower  Gondwanas.  Oleandridium  has  stalked  leaves  differing 
somewhat  in  their  venation  from  the  preceding,  and  is  considered 
to  be  allied  to  the  existing  OUandra  among  the  Aspidiece;  it  occurs 
in  the  European  Mesozoic  and  the  Panchets.  Angiopteridium  and 
Marattiapsis  are  distinguished  by  a  simple  pinnation  of  the  leaves ; 
the  former  occurring  in  the  Damuda  series  of  the  Gondwanas,  and  the 
latter  in  the  European  Carboniferous.  The  genus  Glossopteris  (fig. 
1376)  is  the  only  representative  of  the  second  subfamily,  and  is 
distinguished  by  its  net-like  venation,  retaining,  however,  the  well- 
marked  midrib  characteristic  of  the  family.  It  is  extremely  abun- 
dant in  the  Indian  Gondwanas,  ranging  from  the  Talchir  to  the 
Upper  Jurassic  Jabalpur  stage,  and  is  also  met  with  in  the  Hawkes- 
bury  beds  of  Australia,  in  the  upper  part  of  the  African  Karoo 
system,  in  the  Cretaceous  of  Russia,  and  in  beds  of  unknown  age 
in  Italy.  Finally,  the  Gangamopteridea  ^  include  Ferns  with  a  net 
venation,  in  which  the  leaves  are  subject  to  great  variation  in  shape, 
but  may  be  digitate  or  fan-like,  and  devoid  of  midrib.  There  is 
one  division  with  simple,  and  another  with  compound  venation.  In 
the  former  we  have  GangamopteriSy  ranging  throughout  the  Lower 
Gondwanas  and  also  found  in  the  Bacchus-Marsh  beds  of  Victoria ; 
and  BeUmnopteris  of  the  Damudas ;  both  being  probably  allied  to 
the  PolypodiacecB,  In  the  second  group  Camptopteris  occurs  in  the 
Keuper ;  Dictyophyllum  ranges  from  the  Rhsetic  of  Germany  to  the 
Cretaceous  of  Greenland;  while  Ciathropteris  is  confined  to  the 
Rhaetic,  and  Protorhipis  to  the  Lias. 

Fern-stems. — Omitting  a  few  fossil  Ferns  of  uncertain  aflfinities, 
brief  reference  must  be  made  to  a  few  types  of  large  size  described 
upon  the  evidence  of  portions  of  the  stem,  but  which  cannot  at 
present  be  definitely  classed.  Of  these  Megaphyton^  from  the  Car- 
boniferous of  Europe  and  the  United  States,  is  founded  on  trunks 
of  Tree-ferns,  which  bore  their  large  leaves  in  a  row  on  either  side 
of  the  stem,  and  which  Sir  J.  W.  Dawson  considers  very  unlike  any 
existing  type.  Psaronius — a  type  common  to  the  Old  and  New 
Worlds,  and  mainly  of  Devonian  age — is  founded  on  trunks  of 
Tree-ferns  marked  by  alternate  leaf-scars,  which  are  usually  sur- 
rounded by  aerial  roots  like  those  of  many  existing  forms.  Caul- 
opteris,  which  is  likewise  found  in  both  Europe  and  North  America, 
is  characterised  by  its  vertically  elongated  leaf-scars.  It  ranges 
from  the  Carboniferous  to  the  Permian ;  but  at  least  some  of  the 
forms  described  under  the  name  of  Ptychopteris^  which  extends 
upwards  to  the  Trias,  are  not  generically  separable.  Protopteris,  of 
the  Cretaceous  of  Europe  and  Greenland,  is  another  large  form, 
^  Usually  termed  Diciyopttrida^  but  not  including  Dictyopteris  (p.  1507). 
VOL.  II.  2  R 
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characterised  by  the  bases  of  the  leaf-stalks  remaining  attached  to 
the  scars,  as  in  many  recent  Tree-ferns.  Other  forms  are  Cyatheo- 
pteris  oli  the  Bunter,  and  Thamnopieris  ranging  from  the  Permian 
to  the  Keuper;  the  latter  having  persistent  leaf-stalks.  Finally, 
Rhizomopteris  of  the  Carboniferous,  and  Sphallopteris  of  the  Bunter, 
are  based  on  specimens  generally  regarded  as  rhizomes  of  large 
creeping  ferns.  The  genus  Palaopteris^  from  the  Carboniferous, 
which  was  long  considered  to  be  a  fern,  is  named  from  a  specimen 
which  appears  to  be  the  stem  of  one  of  the  Cordaitea, 

Order  3.  RnizocARPEiE.  —  The  Rhizocarps  are  distinguished 
from  the  Ferns  by  the  development  of  two  kinds  of  spores  termed 
macrospores  and  microspores.  Their  young  shoots  may  be  either 
straight,  or  circinate  as  in  Ferns  and  Psilophyton  (fig.  1378). 

Although  the  macrospores  and  microspores  are  true  spores,  as  de- 
veloping plants  without  fertilisation,  yet  they  may  be  regarded  as 
incipient  sexual  elements,  and  thus  throwing  back  the  sexual  differen- 
tiation to  an  early  stage.  Thus  the  microspores,  or  male  elements, 
develop  only  male  prothallia,  which  produce  antheridea ;  while  the 
macrospores,  or  female  elements,  develop  female  prothallia,  which  pro- 
duce only  arc  begonia. 

The  four  existing  genera  of  this  order  are  aquatic  plants,  which 
may  be  simply  floating,  or  may  have  a  creeping  rhizome.  Of  the 
Saiviniacece  the  rootless  genus  Salvinia  is  represented  in  the  Upper 
and  Lower  Miocene  of  the  Continent,  and  also  in  the  Laramie  and 
higher  beds  of  America.  Of  the  two  existing  genera  Pilularia  (Pill- 
worts)  and  Marsilia^  constituting  the  family  Marsiliacea^  it  is  prob- 
able that  a  species  of  the  former  occurs  in  the  Upper  Miocene  of 
CEningen,  while  Marsilia  is  recorded  from  the  Miocene  of  Oregon 
in  the  United  States,  and  also  from  the  Lower  Miocene  of  Ronzon 
near  Puy-en-Velay.  It  has  been  suggested  that  Sagenopteris^  ranging 
in  Europe  from  the  Rhaetic  to  the  Lower  Jurassic,  and  also  oc- 
curring, together  with  the  allied  Dactylopteris^  in  the  Damudas  of 
India,  may  be  more  or  less  closely  allied  to  the  Marsiiiacea.  They 
are  plants  of  considerable  size,  with  long-stalked  leaves  terminating 
in  a  palmate  expansion  of  four  or  more  members.  Marsilidium,  of 
the  Wealden,  has  also  been  referred  to  the  same  family. 

Sir  J.  W.  Dawson  considers  that  in  the  early  Palaeozoic  the  char- 
acters afterwards  separated  in  the  Club-mosses,  Horse-tails,  and 
Ferns  were  united  in  the  Rhizocarps,  and  it  will  accordingly  be 
convenient  in  this  place  to  notice  certain  Palaeozoic  plants  ap- 
parently more  or  less  closely  allied  to  the  Rhizocarps,  some  of 
which  should  probably  be  included  in  the  same  order,  while  others 
may  be  intermediate  types  connecting  that  order  with  the  Equi- 
setaceae  and  Lycopodiaceae.  In  the  first  place,  as  previously  noted 
(p.  1484),  certain  spherical  bodies  known  as  Sporangites  occurring 
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in  the  Devonian  and  Carboniferous  of  North  America  and  Europe, 
are  regarded  by  Sir  J.  W.  Dawson  as  macrospores  or  sporocarps  of 
Rhizocarps,  under  the  name  of  Protosalvinia,  Better  known  is  the 
genus  Sphtnophylium  (fig.  1377),  likewise 
occurring  on  both  sides  of  the  Atlantic, 
and  ranging  from  the  Ordovician  to  the  Car- 
boniferous, which  many  authorities  now  agree 
in  provisionally  placing  in  this  order,  although 
others  would  refer  it  to  the  Equisetaceae. 
They  were  small  plants  with  wedge-shaped 
leaves  arranged  in  regular  whorls,  after  the 
manner  of  the  existing  Marsiiia.  Another 
type  which  is  regarded  by  Dr  Feistmantel  as 
closely  allied  to  the  preceding  is  Trizygia^ 
known  by  a  single  species  from  the  Lower 
Gondwanas  of  India.  These  plants  (if  com- 
plete) are  comparatively  small,  with  a  slender 
stem  bearing  incomplete  whorls  of  wedge- 
shaped  leaves ;  each  whorl  occupying  only  three  sides  of  the  stem, 
and  consisting  of  six  leaves  arranged  in  three  dissimilar  pairs.  They 
were  probably  aquatic. 

Here  also,  according  to  Sir  J.  W.  Dawson,  should  be  placed  the 
genus  Ptilophyton  (fig.   1378),   which  appears  to  be  most  nearly 


F»«'  1377.— Leaf  of  Sphen- 
o^hyllnm  antiquum ;  from 
the  Devonian  of  Canada. 
Enlarged  and  natural  size.- 
(After  Dawson  ) 


Fig.  tyj%.— Ptilophyton  plumosum  :  from  the  Lower  Carboniferous  of  Nova  Scoiia. 
The  right-hand  figure  shows  a  portion  magnified.    (After  Dawson.) 


allied  to  the  Rhizocarps.  The  genus  ranges  in  North  America  from 
the  Middle  Devonian  to  the  Lower  Carboniferous,  and  is  also  found 
in  the  Old  Red  Sandstone  of  Scotland.  These  organisms,  which 
have  been  referred  to  the  Algae  and  Lycopodiaceae,  are  composed 
of  feather-like  leaves,  apparently  bearing  macrospores  on  parts  of 
the  stem  or  petioles.     They  are  considered  to  have  been  of  aquatic 
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F»K'  »379  —A  leaf  •whorl 
of  ProtoMHMlaria  Harkiussi ; 
from  the  Ordovictan  of  the 
North  of  England. 


habits,  the  linear  pinnae  of  the  leaves  acting  as  floats.  Finally, 
there  remains  for  consideration  the  imperfectly-known  plants  from 
the  Ordovician  (Arenig  beds)  of  England  to  which  the  hybrid  name 
Protannularia  has  been  given ;  and  which  were  originally  refen-ed 
to  the  Thallophytous  genus  ButhotrepfUs. 
They  consist  of  slender  branching  stems 
bearing  at  intervals  whorls  of  linear  leaves 
(fig-  ^379)1  somewhat  resembling  those  of 
the  Equisetacese,  to  which  class  they  may 
be  more  or  less  closely  allied. 

Class  II.  Equisetacese,  —  With  this 
group  we  come  to  a  small  class  now  repre- 
sented by  only  a  single  genus  with  species 
of  comparatively  small  size,  but  which  in 
the  Palaeozoic  contained  numerous  forms  of 
large  dimensions,  and  occupying  an  import- 
ant position  in  the  contemporary  v^etation. 
The  class  may  be  briefly  characterised  by 
the  rudimentary  condition  of  the  leaves, 
which  are  reduced  to  small  sheathing  whorls,  borne  either  on  the 
stem  or  on  branchlets  also  arising  in  whorls  from  the  joints  of 
the  barren  stem.  The  sporangia,  which  produce  only  one  kind  of 
spores,  are  borne  upon  specially  modified  leaves  forming  a  terminal 
spike  to  the  main  stem  (fig.  1381,  a),  there 
being  distinct  fertile  and  barren  stems. 

The  existing  family  Equisetea  comprises 
small  forms,  characterised  by  their  perennial 
rhizome,  from  which  the  annual  stems  arise. 
The  single  existing  genus  Equisetum  (Horse- 
tails) occurs  in  most  parts  of  the  world,  with 
the  exception  of  Australasia;  and  seems  to 
have  commenced  in  the  Lower  Keuper,  where 
species  of  much  larger  size  than  their  existing 
analogues  are  met  with ;  and  firom  this  period 
representatives  occur  throughout  most  of  the 
European  Mesozoic  and  Tertiary  strata  and 
also  in  some  of  those  of  North  America,  and 
in  the  Lower  Mesozoic  of  New  Zealand.  The 
Carboniferous  Equisetites  seems  to  have  been 
an  allied  genus. 

The  extinct  family  Schizoneurea  is  typically 
represented    by   the   genus    Schizoneura  (fig.  • 
1380),  which  occurs  throughout  the  European  Trias,  and  perhaps 
also  in  the  Jurassic,  and  in  the  Lower  Gondwanas  of  India.    Ac- 
cording to  Dr  Feistmantel,  these  plants  are  characterised  by  the 


Fie.  \-i%o.—Sc)u*onntra 
gOHdwantnsu ;  from  the 
I>amuda    series    of    India. 


Much  reduced.  (After  Feist- 
mantel.) 
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sheaths  found  at  the  joints  of  the  stalks,  which  in  an  early  stage  of 
development  consist  of  a  number  of  leaflets,  with  median  veins,  and 
attached  by  their  margins.  In  the  course  of  development  these 
sheaths  split  either  into  thin  component  leaflets,  or  more  frequently 
into  two  equal  and  opposite  portions  (as  in  the  figure),  which  thus 
simulate  paired  leaves.  The  stems  and  stalks  are  longitudinally 
ribbed.  Phyllotheca^  which  occurs  in  Europe  from  the  Lias  to 
the  Lower  Jurassic,  in  the  Lower  Gondwanas  of  India,  and  the 
Newcastle  beds  of  Australia,  seems  to  be  more  nearly  allied  to 
Equisetum^  but  is  placed  by  Schimper  in  this  family.  The  joints 
of  the  stem  are  of  moderate  length,  and  the  outer  surface  is  fluted ; 
while  the  leaves  are  linear,  and  free  at  their  extremities,  but  at 
the  base  are  united  in  a  sheathing  whorl,  which  may  be  longer 
than  the  joints  of  the  stem.     Each  leaf  has  a  midrib. 

With  the  Calamitea  we  come  to  another  extinct  family,  which  is 
confined  to  the  Palaeozoic,  and  contains  the  largest  representatives 


Fig.  1381.  —  Restoration  of 
Calamitesy  greatly  reduced. 
A,  C.  Stickavni;  b,  C  CitiiL 
(After  DawsoD.) 


Fig.  138a.  —  Leaves  and  branchlets  of  CaiamiU*  ramasut 
{AsteropkyUit€s/olios€C\;  from  the  Carboniferous  of  England. 
KeduoMl.    (After  Lindley  and  Hutton.) 


of  the  class,  some  of  the  species  probably  attaining  a  height  of 
about  30  feet  Their  stems  are  tall  and  cylindrical,  with  a  hollow 
pith-cavity  divided  into  sections  by  diaphragms,  and  bearing  at 
the  joints  either  whorls  of  needle-like  leaves  (fig.  1381,  b),  or 
branchlets  carrying  secondary  whorls  of  leaves  (fig.  1381,  a).  In 
transverse  section  these  stems  show  radiating  bundles  of  fibres, 
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resembling  those  of  Conifers,  and  showing  great  variation  of  struc- 
ture in  the  different  forms.  The  base  of  the  stem  generally  termi- 
nates in  a  blunt  point  (fig.  1384),  and  it  may  be  attached  to  the 

rhizome,  or  several  stems  may  spring 
from  a  common  stock,  as  in  the 
restoration  figured.  The  roots  are 
cylindrical,  and  may  be  branching. 
There  has  been  great  confusion  in 
regard  to  the  determination  of  Cal- 
amites  owing  to  the  difficulty  of  re- 
ferring fruits,  leaves,  and  roots  to 
their  respective  stems;  and  also 
owing  to  the  fact  that  while  in  some 
cases  the  entire  stem  is  presented, 
in  others  only  a  cast  of  the  pith- 
cavity  remains.  According  to  Mr 
Kidston  the  well-defined  genera 
based  on  stems  are  Calatnites^  rang- 
ing from  the  Carboniferous  to  the 
Permian  ;  Calamodadus  and  Astero- 
calamiteSy  of  the  Devonian  and  Car- 
boniferous ;  and  Arthropitys^  of  the 
Permian.  At  least  some  of  the 
specimens  to  which  the  names  An- 
nularia  2cad  Asterophyllites  {fig,  1382) 
have  been  applied  are  branchlets  of 
Calamites.  Fruits  of  Asterocalamites 
have  been  described  as  FothociUs; 
while  others  known  as  Siachannularia 
have  been  found  attached  to  the 
branchlets  of  Annularia,  Other 
fruits  described  as  Volkmannia^  Cal- 
amostachys^  and  Macro^tachya  are 
probably  hkewise  referable  in  many 
instances  to  CcUamitea^  although  it 
has  been  suggested  that  some  may 
belong  to  Sphenophyllum,  Roots 
known  as  Pinnularia  have  been 
found  attached  to  Calamites,  but 
some  of  the  specimens  to  which  this 
name  has  been  applied  may  belong 
to  other  plants.  There  has  been  considerable  discussion  as  to  the 
nature  of  the  outer  surface  of  the  bark  of  Calamites^  but  it  appears 
from  the  most  recent  observations  that  in  species  with  thin  bark 
this  surface  was  fluted,  while  in  those  with  thick  bark  it  was'  smooth. 


Fig.  1383.— Part  of  stem  of  Calamites 
coftna/ormis  :  from  the  Carboniferous  of 
Europe.    Reduced. 
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A  large  number  of  synonyms  in  addition  to  those  already  men- 
tioned have  been  made;  among  which  it  may  be  observed  that 
Mr  Kidston  includes  Asterophyllum^  or  AsterophylliteSy  and  Archao- 
calamites  in  Asterocalamites ;  while  Calamoden- 
dron  is  regarded  as  inseparable  from  the  type 
genus.     Calatnitece  occur  both  in  Europe  and 
North  America,  but  are  unknown  in  India  and 
Australia. 

According  to  Sir  J.  W.  Dawson,  "  it  would  seem, 
from  the  manner  in  which  dense  brakes  of  these 
Calamites  have  been  preserved  in  the  coal-forma- 
tion of  Nova  Scotia,  that  they  spread  over  low 
swampy  flats,  and  formed  fringes  on  the  seaward 
side  of  the  great  Sigillaria  forest  In  this  way  they 
no  doubt  contributed  to  prevent  the  invasion  of  the 
areas  of  coal  accumulation  by  the  muddy  waters  of 
inundations,  and  thus,  though  they  may  not  have 
furnished  much  of  the  material  of  coal,  they  no 
doubt  contributed  to  its  purity." 

Here  may  be  noticed  the  remarkable  jointed 
stem-Hke  bodies  known  as    Vertebraria,  which 
are  generally  regarded   as   Equisetaceous,  and 
occur    throughout    the    Lower    Gondwanas   of 
India,  and  are  also  found  in  the  Newcastle  beds 
of  Australia-     These  peculiar  bodies,  which  are 
often  branched,  and  may  be  of  considerable  size,  are  regarded  as 
the  rhizomes  of  an  Equisetaceous  plant  of  which  the  foliage  is 
unknown.     Their  association  in   India  with   Schizoneura  is  note- 
worthy. 

Class  III.  LYCOPODiACEiE. — The  third  and  last  class  of  the 
Pteridophytes,  known  as  Lycopodiaceae  or  Dichotomeae,  is  now 
represented  by  the  Club-mosses  and  Selaginellas,  and  also  includes 
a  number  of  allied  extinct  types  of  much  larger  dimensions.  These 
plants  are  characterised  by  a  simple  or  branched  stem,  without  joints, 
usually  having  roots,  and  bearing  numerous  small  and  simple  leaves ; 
while  the  branches  of  the  stem  and  frequently  of  the  roots  divide 
dichotomously  (fig.  1387).  The  sporangia  are  solitary,  and  borne 
either  upon  the  upper  surface  of  the  base  of  the  leaves,  or  in  the 
axils  of  the  latter,  or  simply  upon  the  stem.  The  class  may  be 
divided  into  two  orders. 

Order  i.  IsospoREiE. — ^The  Club-mosses,  which  are  the  existing 
representatives  of  this  order,  are  characterised  by  producing  only 
one  kind  of  spores,  and  by  the  absence  of  ligulte^  or  membranes  at 
the  base  of  the  leaves,  as  well  as  by  certain  other  points  which 
need  no  mention  here. 

The  earliest  plant  referred  to  this  order  is  Psilophyton^  which  is 


Fi^.  1384.— Lower  ex- 
tremity of  stem  of 
Calamites  canmr/omtis  ; 
from  the  European  Car- 
boniferous.    Reduced. 
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Fig.  1385.— Circinate  terminations  of 
young  branches  of  Psilophyton  frin- 
ceps.    (After  Dawson.) 


regarded  by  Sir  J.  W.  Dawson  as  forming  a  connecting  link  between 
the  Rhizocarps  and  the  Lycopods,  and  probably  forms  the  type  of 

a    distinct    family,    the    Psilophytta. 
This  genus,  with  which  Haliseriies  is 
identical,  occurs  in  the  Lower  De- 
vonian   of    both    Europe    and    the 
United   States,   and   is   a    plant    of 
more  than  average  interest.     It  at- 
tains  considerable    dimensions,  and 
has    minute    or    rudimental    leaves, 
which    are    numerous    and    spirally 
arranged   on  the  barren  stems,  but 
are  sparse .  or   absent  on  the  fertile 
ones.     On  decorticated  stems  their 
point  of  attachment  is  represented  by  minute  scars.     The  young 
branches  have  circinate  terminations  {^^^,  1385),  like  the  "crosiers" 
of  Ferns ;  while  the  rhizomes  are  circular,  and  show  irregularly  placed 
areolae,  to  which  the  roots  were  attached. 
The  inner  structure  of  the  stem  consists  of 
an  axis  of  scalariform  tissue,  surrounded  by 
cells.     Finally,  the  fructification  (fig.  1386) 
consists  of  naked  oval  sporangia,  generally 
borne  in  pairs  on  lateral  or  terminal  pedi- 
cels,  which   are    regarded   by   Sir  J.  W. 
Dawson  as  making  the  nearest  approach  to 
the  sporocarps  of  the  Rhizocarps.    Atthro- 
stigma^  from  the  Devonian  of  Canada,  is 
placed  by  the  same  authority  in  this  family. 
The  three  existing  families  of  the  order — 
viz.,  LycopodiecBy  Psiloteay  and  Phylloglossea 
y<^     y/  — are  of  but  little  palaeontological  import- 

*  II     r    I  ance;  the  last  two  being  unknown  in  a 

§)\     I     I  fossil  condition.     Lycopodium  occurs  in  the 

^  ■  Jurassic;  while  in  the  Permian,  Carbon- 

iferous, and  Upper  Devonian  there  occur 
allied  forms  for  which  the  name  Lycopa- 
dites  has  been  proposed.  The  Devonian 
Z.  Milleri  is,  however,  a  Psilophyton. 
Lycopodites  also  occurs  in  Lower  Mesozoic 
beds  in  New  Zealand. 

Order  2.  HEXEROSPOREiE  (LicuLAXiE). 
— This  order,  now  represented  by  Selagt- 
nella  and  Isoetes,  is  distinguished  by  developing  two  kinds  of  spores 
— viz.,  macrospores  and  microspores — and  by  the  presence  of  ligulae 
to  the  leaves.     In  both  the  prothallium  is  developed  within  the 


Fig.  X 386.— Reduced  restora- 
tion of  Psilophyton  princess; 
from  the  Lower  Devonian  of 
Canada.     (After  Dawson.) 
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macrospore ;  thus  almost  suppressing  the  first  or  sexual  generation. 
The  family  SelaginelUa  includes  only  the  living  genus  Selagineiia, 
which  is  mainly  characteristic  of  the  warmer  regions,  and  especially 
of  the   southern   hemisphere.     The   stem   is   flattened,  with  two 


Fig.  xTj^-j.—Lepidodendron  Stemhergi;  from  the  Carboniferotis.    The  left-hand  figure 
shows  a  cone,  and  the  right  the  extremity  of  a  branch. 

opposite  rows  of  leaves,  which  are  often  of  a  glaucous  hue,  and 
the  fruit  is  in  the  form  of  long  spikes,  arising  from  the  axils  of 
the  leaves.  It  is  considered  probable  that  this  genus  is  represented 
in  the  Coal-measures  of  the  Continent  by  species  which  have  been 
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referred  to  Lycopodites^  and  it  undoubtedly  occurs  in  the  Laramie 
series  of  North  America. 

With  the  Lepidodendrea  we  come  to  the  first  of  the  two  extinct 
families  of  the  order,  which  contains  gigantic  forms  characteristic  of 
the  Upper  Devonian  and  Carboniferous.  These  were  tree-like  Lyco- 
pods  with  linear  single-veined  leaves,  which  leave  rhomboidal  scars, 
often  very  prominent,  at  their  point  of  attachment  to  the  dichoto- 
mously-branching  stems.  The  fruit  is  in  the  form  of  scaly  cones, 
bearing  macrospores  and  microspores,  which  may  be  either  terminal 
or  lateral ;  and  the  young  branches  have  a  pith-cavity,  surrounded 
by  a  layer  of  scalariform  tissue,  which  sends  out  processes  through 
the  thick  bark  to  the  leaves.  As  is  the  case  with  so  many  Palaeozoic 
types,  the  different  portions  of  these  trees  have  received  distinct 
generic  names.  Thus  the  decorticated  stems  have  been  named 
Knorria^  fruiting  branches,  Halonia^  and  cones  (fig.  1388)  Lepi- 
dostrobuSy  while  at  least  some  of  the  roots  known  as  SHgmaria  (fig, 
1392)  are  referable  to  the  present  family.  According  to  Sir  J.  W. 
Dawson,  there  is  considerable  difference  in  the  mode  of  growth  of 
the  outer  surface  in  different  members  of  the  family. 

"  Thus  in  some  species  the  areoles,  at  first  close  tog^ether,  become,  in 
the  process  of  the  expansion  of  the  stem,  separated  by  intervening  spaces 
of  bark  in  a  perfectly  regular  manner  ;  so  that  in  old  stems,  while  widely 
separated,  they  still  retain  their  arrangement,  while  in  young  stems  they 

are  quite  close  to  one  another.  This  is 
the  case  in  Lepidodendron  corrugatum. 
In  other  species  the  leaf-scars  or  bases 
increase  in  size  in  the  old  stems,  still  re- 
taining their  fonn  and  their  continuity  to 
one  another,  as  in  Z.  undulatum^  and 
.^  those  forms  which  have  large  leaf-bases. 
■T^L^^^Da^^)ft^  I«  these  species  the  continued  vitality  of 
the  Carboniferous.  One-third  natural  the  bark  is  shown  by  the  occasional  pro- 
size.  (After  Schimper.)  duction  of  lateral  Strobiles  [cones]  on  laige 

branches,  in  the  manner  of  the  modern 
Red-pine  of  America.  In  other  species  the  areoles  neither  increase  in 
size  nor  become  regularly  separated  by  growth  of  the  intervening  bark ; 
but  in  old  stems  the  bark  splits  into  deep  furrows,  between  which  may 
be  seen  portions  still  retaining  the  areoles  in  their  original  dimensions 
and  arrangement." 

The  majority  of  the  genera  are  common  to  Europe  and  the 
United  States,  and  some  of  them  occur  in  other  parts  of  the  world, 
as  in  the  Palaeozoic  of  Australia,  and  the  i«/^£i-Karoo  series  of  South 
Africa.  The  type  genus  Lepidodendron  contains  a  number  of  species 
with  a  most  complex  synonomy,  and  is  characterised  by  its  vertically 
elongated  leaf-scars  and  slender  branches.  According  to  the  views 
of  Mr  Kidston,  the  stems  to  which  the  name  Ulodendron  has  been 
applied  are  mainly  referable  to  Lepidodendron^  although  others  may 
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be  Sigillarian ;  Sir  W.  Dawson  has,  however,  identified  Ulodendron 
with  the  next  genus.  Lepidophictus  (Lomatophi(Bus\  which  appears 
to  be  exclusively  Carboniferous,  has  the  leaf-scars  transversely  elon- 
gated, with  three  vascular  points,  and  placed  on  distinct  promi- 
nences ;  while  the  branches  are  thick,  the  leaves  very  long,  and  the 
cones  always  lateral.  Hallonia  is  founded  on  fruiting  branches  of 
this  genus ;  while  fruits  of  one  type  of  the  so-called  Lepidostrobus 
(fig.  1388)  have  been  found  attached  to  stems  with  the  scars  of 
Leptdophlcsus,  Cydostigma  and  Lepio- 
phUtum  are  exclusively  Devonian  ;  the 
former  being  characterised  by  the  circu- 
lar or  horse-shoe-like  leaf-scars,  and  the 
latter  by  the  flat  and  rhombic  leaf-bases 
and  obsolete  scars.  Leptophlaum  occurs 
in  the  United  States  and  Australia. 

The  existing  genus  Isoetes^  the  sole  re- 
presentative of  the  IsoetecBy  is  known  in 
a  fossil  condition  by  two  species  from 
the  Miocene  of  the  Continent,  and  by  a 
third  from  the  Eocene  of  Colorado. 

With  regard  to  the  serial  position  of 
the  second  great  Palaeozoic  family  of  the 
Sigillarea^  there  has  been  much  discus- 
sion, but  the  general  consensus  of  opinion 
seems  now  to  be  in  favour  of  placing 
them  in  the  present  order;  although  it 
is  quite  probable  that,  as  Sir  J.  W.  Daw- 
son suggests,  at  least  some  of  them  may 
be  more  or  less  closely  allied  to  the 
primitive  Gymnosperms.  Their  resem- 
blance to  the  Lepidodendrea  is  indicated 
by  their  strongly-marked  external  simi- 
larity; which  is  especially  shown  in  the 
tall,  slender,  and  dichotomously-branch- 
ing  stem  (fig.  1389),  the  slender  grass- 
like leaves,  the  leaf-scars  arranged  in 
whorls,  and  the  Stigmarian  roots.  These 
trees,'  constituting  the  genus  Sigiiiaria, 
are  mainly  of  Carboniferous  age,  and  are 
common  to  the  Old  and  New  Worlds ;  they  attained  very  large  dimen- 
sions, their  stems  being  sometimes  as  much  as  five  feet  in  diameter. 
Not  unfrequently  these  stems  are  found  in  an  erect  position  (fig. 
1390),  passing  through  several  layers  of  rock  ;  while  in  other  cases 
they  have  been  found  attached  to  the  Stigmarian  roots  which  pene- 
trate the  clays  underlying  the  seams  of  workable  coal.    The  columnar 


Fig.  i38<;>.— A,  Reduced  restora- 
tion of  Sigtliaria  Browni;  b,  Do. 
of  5".  ttuellata ;  from  the  Carbon- 
iferous.   (After  Davrson.) 
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stems  of  the  Sigillarians  are  marked  by  continuous  longitudinal  ribs, 

between  which  are  the  leaf-scars 
(fig.  1 391),  forming  whorls  round 
the  stems.  It  will  be  seen  from 
the  figure  that  the  arrangement 
of  these  scars  is  such  that  each 
one  is  placed  in  the  interval  be- 
tween two  scars  of  the  horizontal 
rows  immediately  above  and  be- 
low ;  this  arrangement,  or  phyllo- 
taxis^  obtaining  in  all  plants  with 
leaves  forming  whorls.  The  ex- 
ternal coat  of  the  stem  is  very 
hard,  beneath  which  is  an  inner 
bark  composed  of  cellular  tissue 
traversed  by  rope-like  fibres,  while 
the  woody  central  axis  is  small, 
and  somewhat  intermediate  in 
structure  between  that  of  the  Le- 
pidodendroids  and  Gymnosperms. 
The  roots  {Stigmaria)  usually 
start  from  the  stem  in  four  main 
branches,  which  divide  dichotom- 
ously  several  times,  and  then  con- 
tinue in  long  extensions,  which  Sir  J.  W.  Dawson  considers  are 


Fig.  1300.— Stem  of  a  semi-erect  ^9«^iV/ar»Vf 
in  a  coal-seam;  from  Nova  Scotia.  (After 
Dawson.) 


Fig.  1391. — Part  of  stem  of  SigiUaria  Utsckneideri ;  from  the  Carboniferous. 
The  left-hand  figtire  shows  a  small  portion  on  a  larger  scale. 

intended  to  afford  a  firm  support  in  a  soft  marshy  soil.     The  root- 
lets (fig.  1392)  were  arranged  on  the  roots  in  whorls;  and  when 


Digitized  by  VjOOQIC 


PTERIDOPHYTA. 


1523 


they  decayed  they  left  scars  on  the  bark  (figs.  1392  and  1393) 
corresponding  to  the  leaf-scars  on  the  stems.  The  nature  of  the 
fruit  is  still  unknown,  but  it  is  probable  that  it  more  or  less  closely 
resembled  that  of  the  Lepidodendroids.  Sir  J.  W.  Dawson  has, 
however,  suggested  that  some  of  the  Sigillarians  may  have  had 


Fiff.  139a.' — Part  of  root  of  a  Sifillarian  or  Lepidoden- 
droid  Tree  (StigmariaficoitUs)  ;  m>in  the  Carboniferous. 
One-quarter  natural  size. 


Fig.  1391.— BarkofaSisiUarian 
or  Lepidodendroid  root :  from  the 
Carboniferous.    (After  Dawson.) 


fruit  of  the  type  of  Trigonocarpus  (fig.  1400),  and  that  such  forms 
consequently  exhibit  a  connecting  link  between  the  Pteridophytes 
and  the  Gymnospermous  Phanerogams. 

The  genus  may  be  divided  into  several  groups,  which  may  eventually 
have  to  be  raised  to  generic  rank.  The  Clathrarian  group  (in  which  Mr 
Kidston  includes  some  species  of  Ulodendron)  has  a  thin  bark,  with  the 
leaf-scars  not  in  distinct  rows,  but  having  a  spiral  appearance  ;  type,  S, 
discophora^  of  Europe  and  the  United  States.  In  the  Liodermarian 
group  the  ribs  on  the  bark  are  obsolete,  and  the  leaf-scars  in  distinct 
rows  ;  type,  S,  sydnensis^  of  Australia.  In  the  third,  or  Rhytidolepidian 
group,  in  which  the  Favularian  group  may  be  included,  the  ribs  are 
narrow  (fig.  1391)  and  often  striate,  and  the  leaf-scars  large  and  hexa- 
gonal, or  shield-shaped ;  type,  S,  tessellaia  (fig.  1389,  b).  Finally,  the 
typical  group  is  characterised  by  the  broad  ribs  to  the  bark,  of  which 
the  wid£  usually  exceeds  that  of  the  oval  or  elliptical  leaf-scars  ;  types, 
S,  renifarmis  and  i'.  Browni  (fig.  1389,  a). 
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CHAPTER    LXVII. 

S  UB'KINGDOM     C  O  R  M  O  F  H  Y  T  A— continued. 

Series  Phanerogam^e. — Class  GvMNOSPERMiE. 

Series  III.  Phanerogams. — The  Phanerogams,  which  include 
the  whole  of  the  remaining  groups  of  plants,  are  characterised  by 
the  production  of  a  seed,  and  the  consequent  concealment  or  com- 
pression of  the  alternation  of  generations.  It  has  already  been 
mentioned  that  in  several  groups  of  Pteridophytes  the  tendency  of 
the  oophore  (prothallium)  is  to  lose  its  independent  existence,  but 
in  the  present  series  this  independence  is  totally  suppressed.  Thus 
the  macrospore  or  female  element,  now  termed  the  embryo-sac^  is 
never  detached  from  the  main  plant,  or  sporophore,  previous  to 
fertilisation  ;  while  the  oophoje,  now  known  as  the  endosperm^  which 
may  be  rudimentary,  is  always  enclosed  in  the  macrospore  (embryo- 
sac).  The  seed  is  developed  from  the  ovule  (of  which  the  envelope 
is  known  as  the  testa\  which  produces  the  embryo-sac,  and  in  this 
the  endosperm  and  the  oosphere.  The  latter  is  fertilised  by  the 
pollen-tube  or  outgrowth  from  the  pollen-grain,  which  represents  the 
microspore  of  the  Pteridophytes.^  The  plant  is  always  differentiated 
into  stem,  leaves,  roots,  and  hairs ;  and  its  branching  is  normally 
monopodial,  the  main  axis  continuing  to  grow  and  producing  its 
lateral  shoots  and  roots  beneath  its  apex;  Phanerogams  are  further 
characterised  by  the  metamorphosis  and  differentiation  of  homo- 

^  It  is  thus  evident  that  the  Phanerof^m  with  its  pollen-grains  and  embryo-sacs 
is  equivalent  to  the  sporophere  of  the  Pteridophytes.  The  sexual  differentiation, 
which  in  the  most  specialised  members  of  the  latter  commences  with  the  formation 
of  macrospores  and  microspores,  is,  however,  carried  further  back,  being  mani- 
fested not  only  in  the  formation  of  embryo-sac  and  pollen -grains,  but  also  in  the 
differences  between  ovule  and  pollen-sac,  and  between  the  modified  leaves  {carpels 
and  stamens)  bearing  them,  and,  even  earlier,  in  the  distinction  between  male 
and  female  flowers,  and  finally  in  the  development  of  separate  male  and  female 
{dioecious)  plants.  At  least  for  a  time,  the  seed  unites  in  itself  the  two  genera- 
tions— the  prothallium  (endosperm),  and  the  embryo  or  young  plant  of  the  second 
generation.     (Sachs.) 
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logous  structures  for  the  purpose  of  reproduction,  as  is  shown  in 
the  flower,  into  the  complex  structure  of  which  it  will  be  unnecessary 
to  enter  here.  The  differentiation  of  the  tissues  is  also  more  com- 
plex than  in  the  Pteridophytes. 

Phanerogams  include  the  highest  types  of  plant  life,  and  it  will 
be  seen  from  the  sequel  how  there  has  been  a  gradual  advance  in 
their  degree  of  organisation  as  we  ascend  in  the  geological  scale ; 
the  most  specialised  groups  only  making  their  appearance  at  a  late 
epoch. 

Class  I.  GYMNOSPERMiE. — The  first  and  most  generalised  class 
of  Phanerogams  is  characterised  by  the  ovules  and  seeds  not  being 
enclosed  in  the  ovary,  and  by  the  early  development  of  a  distinct 
endosperm  forming  archegonia  in  which  the  oospheres  originate. 
The  first  leaves  produced  from  the  embryo  are  arranged  in  whorls 
of  two  or  more;  and  the  wood  grows  from  the  outside,  forming 
annual  rings  of  growth. 

In  many  respects  the  existing  Gymnosperms  are  intermediate 
between  the  Pteridophytes  and  the  Phanerogams ;  and  it  is  practi- 
cally certain,  as  we  have  already  hinted,  that  in  past  times  there 
was  a  complete  transition  between  the  two  series.  The  class  in- 
cludes the  Cycads  and  Conifers  and  dates  from  the  Devonian ;  but 
in  the  middle  Mesozoic,  which  has  hence  been  termed  the  "  age  of 
Gymnosperms,"  it  attained  its  highest  stage  of  development,  and 
constituted  the  dominant  type  of  the  flora.  The  existing  forms  are 
usually  arranged  in  three  orders,  while  a  fourth  is  frequently  made 
for  the  reception  of  the  extinct  Cordaites. 

Order  i.  CvcADACEiE. — Existing  Cycads  (fig.  1394),  which  occur 
in  the  warmer  regions  of  America  and  Asia,  and  also  in  South  Africa 


Fig.  X394' — A  male  Cycad  (Afacpvzamia  s/t'ra/it);  from  Australia.    Greatly  reduced. 

and  Australia,  are  low  palm-like  trees,  with  a  short  unbranched 
stem,  occasionally  divided  into  two,  marked  by  leaf-scars.  The 
leaves   form  a  crown,  and,  except  in  one  genus  where  they  are 
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bipinnate,  are  simply  pinnate ;  their  structure  is  very  firm,  and  they 
usually  develop  in  a  circinate  manner  like  ferns.  The  plants  are 
male  and  female ;  the  male  fructification  being  borne  in  cones  (fig. 
1 394),  while  in  the  female  the  ovules  are  usually  situated  on  the 
margin  of  modified  leaves  or  on  the  base  of  scales. 

Existing  Cycads  are  divided  into  the  families  Cycadea^  Encepha- 
lartea^  Stangerua,  and  Zamiea.  Of  these  the  living  South  Afiican 
genus  Encephalartos  occurs  in  the  Miocene  of  Euboea,  and  perhaps 
in  the  Rhaetic  of  Honduras ;  while  a  leaf  from  the  Miocene  of  Styria 
has  been  referred  to  the  Mexican  genus  Ceratozamiay  belonging  to 
the  Zamiea, 

The  family  position  of  extinct  genera  is  for  the  most  part  un- 
certain, and  it  is  accordingly  unadvisable  to  make  any  attempt  at 
such  divisions.  As  is  usually  the  case  with  fossil  plants,  genera 
have  been  founded  upon  different  portions  of  the  organism,  so  that 
in  many  cases  we  doubtless  have  the  same  type  described  under 
two  or  more  names.  In  the  Mesozoic,  as  Sir  J.  W.  Dawson  remarks, 
Cycads  had  a  world-wide  distribution,  and  many  of  the  undermen- 
tioned European  genera  likewise  occur  in  America.  The  species 
occurring  in  the  Cretaceous  of  Greenland  are,  according  to  the  same 
authority,  of  small  size  and  low  growth,  so  that  they  may  have  been 
protected  from  the  winter  snows.  Some  of  the  more  southern  forms 
attained,  however,  a  considerable  height,  and  must  have  resembled 
palms.      The  order  is  known  from  the  Carboniferous  upwards. 

Genera  founded  on  Leaves.  —  The  genera  based  on  the 
evidence  of  leaves  will  be  taken  first  Of  these  Cycadites  has  the 
leaflets  attached  by  the  whole  width  of  their  base  to  the  stem,  with 
a  single  vein,  while  the  young  leaves  are  circinate ;  in  all  of  which 
respects  it  approximates  to  the  existing  Cycas,  It  occurs  in  Europe 
from  the  Carboniferous  to  the  Upper  Cretaceous ;  and  in  India  it 
is  characteristic  of  the  Upper  Gondwanas.  Podozamites  with  small 
leaves,  and  the  leaflets  alternating  and  narrowed  at  the  base,  ranges 
in  Europe  fi-om  the  Rhaetic  throughout  the  Jurassic  and  into  the 
Lower  Cretaceous ;  it  is  also  found  in  the  Dakota  Cretaceous,  in 
the  Upper  Gondwanas  of  India,  and  in  the  reputed  Trias  of  New 
Zealand.  Till  something  is  known  of  its  fructification  the  afiSnities 
of  this  genus  cannot  be  determined.  Zamites^  again,  is  a  very  laige 
genus  with  small  or  medium-sized  leaves,  in  which  the  leaflets  are 
attached  by  a  calus  to  the  upper  surface  of  the  stem,  and  are  subject 
to  a  considerable  variation  of  form.  In  Europe  this  genus  is  well 
represented  from  the  Middle  Trias  to  the  Upper  Cretaceous  (Green- 
land), an  isolated  species  being  found  in  the  Miocene.  It  is  also 
recorded  from  the  reputed  Trias  of  New  Zealand,  and  the  Upper 
Gondwanas  of  India.  Glossozamites  includes  large-leaved  Cycads 
with  subsymmetrical  leaflets,  occurring  typically  in  the  European 
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Wealden,  but  according  to  Dr  Feistmantel  also  represented  in  the 
Lias  and  the  Lower  Gondwanas  of  India.  PHlophyllum  (fig.  1 395)  is 
a  genus  characteristic  of  the  Upper  Gondwanas,  having  long  narrow 
leaves,  with  alternating  leaflets  which  are  likewise  long  and  narrow, 
and  are  attached  to  the  front  of  the  stem,  with  upwardly-directed 
terminal  points,  and  a  simple  venation.      Otozamites  (fig.  1396), 


W^auA 


•^^^^^ 


from  the  Upper  Gondwanas  of  India.    (After  Feist- 
niantel.) 


Fig.  1396.— Part  of  leaf  of  Otosamitts 
hengaUnsis  ;  from  the  Lower  Gondwanas 
of  India.    (After  Feistmantel.) 


according  to  the  last-named  writer,  is  allied  to  PHlophyllum^  but  dis- 
tinguished by  the  lower  basal  angle  of  the  leaflets,  which  in  the  latter 
is  affixed  and  decurrent  on  the  stem,  becoming  free  and  rounded  like 
the  upper  one ;  the  disposition  of  the  veins  being  very  similar  in 
both  genera.  In  Europe  this  genus  occurs  very  abundantly  from 
the  Rhaetic  to  the  Upper  Jurassic,  is  well  represented  in  the  Cach 
stage  of  the  Upper  Gondwanas  of  India,  and  also  occurs  in  the 
Rhaetic  of  Honduras.  Ctenophyllum  is  an  allied  genus  typically 
from  the  Upper  Lias  and  Lower  Jurassic  of  Europe.  An  important 
genus  is  Pterophyllum^  in  which  Dr  Feistmantel  includes  Anomo- 
zamites  of  Schimper,  occurring  in  Europe  from  the  Carboniferous 
to  the  Upper  Jurassic  and  Wealden,  in  India  from  the  higher 
stage  of  the  Lower  Gondwanas  to  the  two  lower  divisions  of  the 
Upper  Gondwanas,  and  also  recorded  from  the  reputed  Trias  of 
New  Zealand.  The  leaves  are  stalked,  of  moderate  size,  and 
considerable  width ;  while  the  leaflets  are  generally  opposite,  articu- 
lating at  right  angles  with  the  sides  of  the  stem,  and  having  numerous 
veins.  PHlozamites  is  an  allied  type  from  the  Rhaetic  of  the  Con- 
tinent Nilssoniay  of  the  Rhaetic  and  Lower  Jurassic  of  Europe, 
is  readily  distinguished  by  its  leaves  being  either  strap-like  and 
undivided,  or  with  slight  segmentation.  Sphenozamites  from  the 
French  Jurassic  and  the  Rhaetic  of  Honduras,  and  Macropterygium 
from  the  Keuper  of  Carinthia,  are  imperfectly  known  forms  which 
may  be  allied  to  Nosggerathia  noticed  below.  Dictyozamites  is  a 
peculiar  form  from  the  Upper  Gondwanas  characterised  by  the 
leaves  having  a  net-like  venation,  as  in  the  genus  Glossopteris  (fig. 
1376)  among  the  Ferns,  and  is  regarded  by  Dr  Feistmantel  as  the 
type  of  a  distinct  family.  Another  type  is  presented  by  the  genus 
VOL.  II.  2  s 
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Rhiptozamites  from  the  Jurassic  of  Siberia,  to  which  Naggerathiopsis 
of  the  Lower  Gondwanas  of  India,  the  Hawkesbury  beds  of  Australia, 
and  the  Rhaetic  of  Honduras,  is  closely  allied,  if  indeed  it  be  gen- 
erically  separable.  It  is  known  by  specimens  which  appear  to  be 
leaflets  of  a  pinnate  leaf,  and  are  of  an  elongate  form  with  forked 
radiating  veins  which  do  not  converge  towards  the  summit 

Genera  founded  on  the  Fructification. — ^The  name  Cyca- 
dospadix  has  been  applied  to  the  female  fructification  of  Cycads 
from  the  Lower  Lias  and  Corallian  closely  resembling  that  of  Cycas, 
Cones  from  the  Lias  to  the  Wealden  have  been  described  as  Zamw- 
strobus  and  Beania  ;  while  seeds,  ranging  from  the  Keuper  to  the 
Wealden,  are  known  as  Cycadeospermum. 

Genera  founded  on  Stems. — Stems  of  Cycads  are  of  not  un- 
common occurrence,  especially  in  fresh-water  deposits,  and  are 
locally  known  to  the  quarrymen  of  the  south  of  England  as  "  fossil 
birds'-nests."     According  to  the  arrangement  of  Count  Saporta  they 

may  be  classified  as  follows : 
Bolbodiutn^  from  the  Lias  and 
Corallian  ;  Cylindropodium^ 
from  the  Lower  Lias  and  Up- 
per Jurassic;  and  MantelUa 
(^&  1397)1  ^Iso  known  as 
Cycadoidea  or  Clathropodium^ 
from  the  Upper  Jurassic  and 
Wealden,  which  is  especially 
common  in  the  "  dirt-bed  "  of 
the  Isle  of  Portland.  Other 
J^Ve^^uTi^rofth'TTsrelf  S^^^^  Stems,  ranging  fi-om  the  Juras- 

d"ccd.  sic  to  the  Lower  Greensand, 

have  been  described  by  Mr 
Carruthers  under  the  name  of  Bennettites  ;  the  associated  fiiictifica- 
tion  differing  in  several  respects  from  that  of  existing  types.  The 
preceding  forms  have  comparatively  short  stems,  but  in  Flatylepis, 
of  the  Lias,  and  Fittonia  and  Bucklandia^  of  the  Upper  Jurassic 
and  Wealden,  the  stems  may  attain  a  height  of  several  feet 

Here  we  may  notice  the  remarkable  genus  Williamsonia^  ranging 
from  the  Rhaetic  to  the  Jurassics  of  Europe,  in  regard  to  the  serial 
position  of  which  there  has  been  much  discussion.  It  is  based  on 
the  fructification,  which  in  some  cases  is  found  attached  to  stems 
with  spirally  arranged  leaves.  It  has  been  suggested  that  this  plant 
may  belong  to  the  Dicotyledons,  while  Mr  J.  S.  Gardner  considers 
that  its  affinities  are  with  the  monocotyledonous  Pandanacea ;  but 
it  appears  quite  possible  that  it  may  really  prove  to  be  an  extremely 
aberrant  Cycad.  This  genus  is  also  found  at  the  base  of  the  Upper 
Gondwanas  of  India. 
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Transitional  Types.— The  families  Naggerathiea  and  Corda- 
itea,  of  the  Palaeozoic,  appear  to  include  types  which  are  in  many 
respects  transitional  between  the  existing  Cycads  and  Conifers,  and 
may  therefore  provisionally  occupy  an  intermediate  position.  Both 
families  are,  indeed,  referred  by  Mr  Kidston  to  the  Cycads,  but 
other  writers  would  place  some  or  all  of  these  forms  with  the 
Conifers.  In  the  first  family  the  type  genus  Naggerathia^  which 
occurs  in  the  European  and  North  American  Carboniferous, 
has  the  leaves  arranged  in  two  opposite  rows  (distichous),  these 


Fig.  1398. — Leaves  oi  Psygmopkyllum  exp«uuum  ;  from  the  Pennian  of  Russia. 

leaves  having  a  cuneiform  base,  with  radiating  veins  which  do 
not  form  forks.  Psygmophyllum  (fig.  1398),  or  Gingkophyllum^ 
is  an  apparently  allied  type  from  the  European  Carboniferous 
and  Permian,  which  is  placed  by  Dr  Schenk  with  the  Taxoid 
Conifers.  A  branch  from  the  upper  Devonian  of  Wyoming, 
described  by  Sir  J.  W.  Dawson  as  Dictyocordaites  is  stated  to 
connect  Ncsggerathia  with  the  under-mentioned  genus  Cordaites ; 
since,  in  place  of  the  parallel  venation  of  the  latter,  the  veins 
fork  at  an  acute  angle,  and  are  slightly  netted  by  the  spreading 
branches  of  one  vein  uniting  with  those  of  an  adjacent  one.     The 


Digitized  by  VjOOQIC 


IS30 


CORMOPHYTA. 


second  family  is  represented  by  the  genus  Cardaites  (fig.  1399), 
ranging  from  the  Devonian  to  the  Permian,  and  occurring  in  both 

the  Old  and  New  Worlds. 
These  plants  formed  trees 
reaching  to  a  height  of  20  or 
30  feet,  with  the  stems  marked 
by  transverse  leaf-scars,  and  the 
leaves  arranged  in  whorls ;  the 
leaves  themselves  (fig.  1399) 
being  comparatively  broad, 
with  parallel  longitudinal  veins, 
and  attached  by  a  somewhat 
wide  base.  Their  fructification 
consisted  of  male  and  female 
catkins,  forming  long  racemes 
{?ig,  1399),  and  known  as  An- 
tholithus ;  which  subsequentiy 
produced  berries  known  as 
CardiocarpuSy  some  of  which 
appear  to  have  had  wing-like 
envelopes,  while  other  types 
had  a  soft  pulpy  cover  like 
those  of  the  existing  Yews. 
The  stem  had  a  large  central 
pith  surrounded  by  scalariform 
tissue  with  a  cylinder  of  woody 
wedges ;  the  casts  of  these  pith- 
cavities  are  included  among 
the  so-called  Stembergia^  to  be 
shortly  mentioned.  According 
to  Dr  Schenk  the  female  fructification  of  Cordaites  is  most  like  that 
of  the  Cycads,  while  the  male  fiructification  and  the  structure  of  the 
stem  comes  nearest  to  the  Conifers. 

In   this  place  certain   Carboniferous 
>^L  fruits  which  have  not  at  present  been 

>^^|^^    F  a^^         referred  to  their  respective  plants  may 
I   JBB   I     ^^^         be  conveniently  noticed.      These  have 
^^^^^    ^    SB         been  named  Rhabdocarpus^  Carpoliihus^ 
^^^       X^^F  Trigonocarpus    (fig.    1400),    and  Pala- 

oxyris.  They  are  large  and  angulated 
nut-like  fiiiits,  resembling  those  of  the 
Yews.  Specimens  of  Trigonocarpus  are 
extremely  numerous  in  some  of  the  coal- 
measures;  a  slab  of  sandstone  in  the  British  Museum  measuring 
21x15  inches  containing  more  than  400  of  these  nuts.     The  sug- 


Fig.    1399.  —  A   branch 
the  Carboiuferous.      "^ 
Eury.) 


of  Cordaites;   from 
Reduced.     (After  Grand' 


Fig.  1400.  —  Trigonocarpus  Par- 
kinsonsi;  from  the  Carboniferous 
of  England.  (After  Lindley  and 
Hutton.) 
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gestion  of  Sir  J.  W.  Dawson  that  some  of  these  fruits  may  belong 
to  Sigiliarians  has  been  already  mentioned,  but  most  recent  authori- 
ties agree  in  regarding  them  as  belonging  to  Cordaitta  or  Conifers. 

Order  2.  CoNiFERiE. — This  order  includes  the  existing  Yews, 
Pines,  and  allied  forms,  and  is  of  considerable  palseontological 
importance,  although  the  different  groups  can  be  but  very  briefly 
mentioned  in  this  work.  Conifers  are  characterised  by  the  strong 
and  continuous  growth  of  the  main  axis,  which  forms  a  slender 
conical  stem  sometimes  exceeding  200  feet  in  height ;  on  this  main 
stem  the  lateral  axes,  or  primary  branches,  arise  either  in  rosettes  at 
intervals,  or  irregularly,  and  again  subdivide  in  the  same  manner ; 
the  whole  contour  of  the  tree  thus  forming  a  more  or  less  regular 
cone.  The  leaves  may  be  either  all  foliage  leaves  containing  chloro- 
phyll ;  or  all  colourless  or  brownish  scales ;  or  a  mixture  of  foliage 
leaves  and  scales.  The  foliage  leaves  are  mostly  small  and  simple, 
and  very  rarely  compound ;  and  thus  form  a  striking  contrast  to  the 
Cycads,  where  the  leaves  constitute  the  greater  part  of  the  plant. 
The  flowers  are  always  of  separate  sexes ;  but  the  trees  themselves 
may  either  bear  one  or  both  kinds  of  flowers.  These  flowers  are 
never  terminal  on  the  main  axis,  and  are  subject  to  great  variation 
of  structure  in  the  different  families.  The  male  flowers  are  not  of 
much  importance  to  the  palaeontologist,  who  has  more  often  to  deal 
with  those  of  the  female.  The  best  known  examples  of  the  latter 
are  the  cones  of  the  AbUtinea^  which  are  modified  shoots  bearing  a 
number  of  closely  packed  woody  scales,  on  which  the  ovules  are 
usually  placed  in  pairs. 

The  earliest  fossils  referred  to  the  Coniferae  are  trunks  of  large 
trees  occurring  in  Europe  and  North  America,  from  the  Carbonifer- 
ous to  the  Permian,  and  described  under  the  names  of  Dadoocylon^ 
Araucarioxylon^  or  Pinites,  These  stems  exhibit  the  woody  structure 
characteristic  of  existing  Conifers,  and  Sir  J.  W.  Dawson  states  that 
they  are  found  in  association  with  leaves  of  Permian  genera  of 
Wakhiea  noticed  below,  and  consequently  places  them  in  that  family. 
It  has,  however,  been  suggested  that  at  least  some  of  these  stems 
belong  to  the  Cordaitect^  although  strong  reasons  have  been  pro- 
pounded against  the  acceptance  of  this  view.  Some  of  the  curious 
ringed  cylinders  described  under  the  name  of  Sternbergia  or  Artisia 
are  casts  of  the  pith-cavity  of  Dadoxylon,  Stems  from  the  coal- 
measures  have  been  found  with  a  length  exceeding  70  feet 

Leaving  these  doubtful  forms  we  may  proceed  to  the  consideration 
of  the  five  existing  families  into  which  the  order  may  be  divided. 
The  Taxineay  or  Yews  and  their  allies,  have  their  leaves,  which  are 
often  of  considerable  width,  arranged  spirally ;  the  flowers  typically 
dioecious;  and  with  the  ripe  seed  enclosed  in  a  fleshy  envelope. 
We  have  already  mentioned  that  Psygmophyllum  {Gingkophyilum)  is 
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Fi^    X40X. — Leaf  of  Gingko-tree 
(StUuburia     siberica) ;     from     the 
Lower  Cretaceous  of  Siberia, 
ter  Dawson.) 


(Af. 


placed  in  this  family  by  Dr  Schenk ;  but  exclusive  of  this  form  we 
have  several  genera  allied  to  the  existing  Salisburia  or  Gingko-tree 
of  Japan  and  China,  characterised  by  its  fan-like  leaves  {fig,  1401). 

This  genus  had  an  almost  world-wide 
distribution  in  past  times,  being  abun- 
dantly represented  from  the  Permian, 
and  if  Saportea,  from  the  Carboniferous 
of  Pennsylvania,  be  rightly  included,  ex- 
tending as  low  as  the  preceding  period. 
It  is  very  curious,  as  Sir  J.  W.  Dawson 
remarks,  that  this  genus  should  now  be 
restricted  to  a  single  Asiatic  species,  al- 
though it  will  grow  in  temperate  Europe 
and  America,  without,  however,  usually 
producing  fruit  In  India  it  occurs  in 
the  Upper  Gondwanas.  Rhipidopsis, 
from  the  Lower  Jurassic  of  the  Atlas  and  the  Lower  Gondwanas  of 
India,  is  an  extinct  genus  with  large  leathery  leaves  usually  divided 
into  five  wedge-shaped  segments,  of  which  the  middle  one  is  the 
largest.  Other  extinct  genera  are  Dicranophyllum^  from  the  Car- 
boniferous of  France,  China,  and  Canada;  Trickopitys^  from  the 
Jurassic  of  Europe ;  the  allied  CzekanowskiOy  from  the  European 
Rhaetic  and  Jurassic,  the  Jurassic  of  China,  the  Wealden  of  Portugal, 
and  the  Upper  Gondwanas  of  India ;  and  Jneldenta  and  Fh(tnicopsis, 
the  former  being  from  the  Miocene  of  Spitzbergen,  and  the  latter 
from  the  Jurassic  of  Northern  Europe  and  the  Upper  Gondwanas. 
Many  of  these  genera  have  the  leaves  divided  into  long  slender 
slips,  but  in  the  true  Yews  the  leaves  are  simply  acicular.  The 
existing  genus  TaxuSy  together  with  the  closely  allied  or  identical 
TaxiteSy  has  a  wide  distribution,  being  well  represented  in  the  Ter- 
tiaries  and  extending  down  through  the  Jurassic  to  the  Rhaetic 
The  allied  CephalotaxuSy  of  China  and  Japan,  in  which  the  male 
flowers  are  in  clusters,  and  the  seed  is  completely  enveloped  in 
the  fleshy  capsule,  is  represented  in  the  Tertiary  and  Cretaceous  of 
Greenland;  while  another  existing  genus,  Torreya^  occurs  in  the 
Tertiaries  of  Greenland  and  America.  Finally,  omitting  some  less 
important  types,  the  tropical  genus  Podocarpus  occurs  abundantiy 
throughout  the  Tertiaries  of  the  greater  part  of  the  world. 

The  genus  Walchia  {^g,  1402)  may  be  taken  as  the  representa- 
tive of  a  group — the  Walchiea — ^which  may  perhaps  serve  to  connect 
the  Yews  with  the  Araucarias.  In  the  type  genus  the  secondary 
branches  or  twigs  are  arranged  alternately  in  two  rows,  and  carry 
spirals  of  angulated  acicular  leaves;  larger  leaves  covering  the 
primary  branches  in  an  imbricating  manner.  The  fruit,  according 
to  Dr  Schenk,  formed  true  cones,  approximating  to  those  of  the 
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Araucarias ;  but  it  should  be  observed  that  Sir  J.  W.  Dawson  con- 
siders that  their  fruit  was  not  in  the  shape  of  cones,  but  was  of  the 
type  of  that  of  the  Yews.  This  genus  occurs  in  the  Permian  of 
Europe  and  North  America.  Ullmania^  of  the  European  Permian 
and  Keuper,  is  an  apparently  allied  type  in  which  cones  are  known 
to  have  been  developed. 

In  the  same  family  Dr  Schenk  places  the  genus  Pagiophyllum 
{Pachyphyiium\  which  has  thick  leathery  leaves  of  triangular  form, 


Fig.  1402. — Part  of  branch  (a)  and  twig  {b)  of  WaJchia  pini/ormis  ;  from  the  Permian 
of  Saxony.    (After  Gutbier.) 

arranged  spirally  on  the  stem  and  branches,  and  uniting  at  their 
bases.  In  Europe  it  occurs  from  the  Bunter  to  the  Lower  Creta- 
ceous ;  it  has  also  been  recorded  from  the  Upper  Gondwanas  of 
India,  but  some  of  the  species  from  those  beds  seem  to  belong  to 
Araucaria^  to  which  this  genus  appears  to  be  nearly  related. 

The  AraucariecR  are  too  well  known  to  require  much  description  ; 
typically  they  are  lofty  evergreen  trees,  with  verticillate  spreading 
branches,  covered  with  stiff  and  flattened  leaves,  with  sharp  points, 
and  usually  imbricating.  The  cones  are  large,  globular,  and  ter- 
minal. The  existing  species  are  mostly  confined  to  the  southern 
hemisphere,  and  belong  to  three  genera.  Of  these,  Dammara, 
which  extends  into  the  Malay  Peninsula,  and  affords  the  well-known 
gum-damar,  may  be  represented  in  the  Upper  Cretaceous  of  Green- 
land and  the  United  States;  but  the  specimens  from  the  Creta- 
ceous described  as  Dammarites  may  apparently  be  cones  of  Cycads. 
Araucaria  itself  is  now  chiefly  known  from  Australia,  New  Guinea, 
Norfolk  Island,  and  South  America,  but  in  past  times  had  a  much 
wider  distribution.  Thus  it  occurs  in  the  Tertiary  of  the  Arctic 
regions,  in  the  English  Eocene,  in  the  Dakota  stage  of  the  American 
Cretaceous,  and  right  through  the  Wealden  and  Jurassic  of  Europe. 
It  also  occurs  in  the  Indian  Gondwanas,  where  some  of  the 
species  have  been  described  as  Araucarites^  while  the  figured 
specimen  (fig.   1403),  which  was  referred  by  Dr  Feistmantel  to 
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Pagiophyllum^  is  regarded  by  Dr  Schenk  as  inseparable  from  the 
existing  genus.  The  extinct  genus  Cunninghamites  is  founded  on 
branches  which  appear  to  closely  resemble  those  of  the  existing 
Cunninghamia  of  China ;  it  occurs  in  the  Upper  Cretaceous  and 
Miocene  of  the  Continent,  and  the  Cretaceous  of  the  United  States. 
Finally,  the  genus  Albertia^  from  the  Ban- 
ter of  Alsace  and  the  Lower  Gondwanas 
of  India,  may  be  mentioned  here,  although 
it  is  not  certain  that  its  true  position  is 
not  with  the  Abietinea, 

The  family  Taxodinea  is  another  ancient 
type  represented  from  the  Permian  up- 
wards. The  leaves  are  generally  more  or 
less  linear,  and  may  be  arranged  in  two 
rows,  or  crowded  together  at  the  ends  of 
the  branches.  In  Taxodium  and  Glypto- 
strobus  the  lateral  shoots  are  deciduous. 
The  oldest  genus  is  Voltzia  {Glyptolepis^ 
Glyptolepidium\  of  the  Permian  and  Trias 
Fig.  ,405. -Branch  oi  Aran-  of  Europe  and  the  Lower  Gondwanas  of 
cana{Pagt0fkyiium)divaricata;    India:   followed  by  the  allied  Lcptostro- 

from   the    Upper  Gondwanas  of  /•      ,         -r  -r  •  /•    l>-\ 

Cach.  (After  Feistmantci.)  btis^    of  the   Lowcr   Jurassic   of  Siberia. 

CyciopitySy  again,  from  the  latter  deposits 
and  the  Lower  Gondwanas  of  India,  is  considered  to  be  an  ancestral 
type  of  the  existing  Sciadopitys  of  Japan,  which  connects  the  typical 
members  of  the  family  with  the  Abietinea,  The  genus  Taxodium 
is  now  known  by  two  species  from  North  America,  of  which  T. 
distichum  dates  from  the  Upper  division  of  the  Laramie  beds,  and 
occurs  also  in  the  Eocene  of  Utah,  whence  it  can  be  traced  through 
the  Tertiaries  of  Alaska,  Canada,  Greenland,  and  Spitzbergen,  and 
thus  to  the  Upper  Miocene  of  CEningen  in  Switzerland.  The  closely 
allied  Giyptostrobus  of  China,  readily  characterised  by  the  sculptured 
scales  of  the  cones  and  small  leaves,  has  a  somewhat  analogous  dis- 
tributional history ;  thus  it  first  appears  in  the  Lower  Cretaceous 
of  Greenland,  and  is  also  found  in  the  upper  part  of  the  same  sys- 
tem ;  thence  it  extends  in  one  direction  through  Arctic  America  to 
the  United  States,  where  it  is  found  in  the  topmost  beds  of  the 
Laramie,  and  in  another  to  Europe,  where  its  range  extends  from 
the  Lower  Miocene  (Oligocene)  to  the  Pliocene ;  G,  europeus  being 
common  to  Europe  and  the  Laramie  beds.  The  well-known  Sequoia 
( IVeiiingtonia),  in  which  the  scales  of  the  cones,  instead  of  imbri- 
cating as  in  the  preceding  genera,  form  woody  pyramids  at  right 
angles  to  the  axis,  is  now  known  by  two  Califomian  species.  Of 
these  S.  sempervtrens  has  erect  leaves  arranged  in  two  rows  and 
small  round  cones ;  while  S,  gigantea,  the  "  Big  tree,"  has  smaller 
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leaves  crowded  together,  and  larger  egg-shaped  cones.  It  is  re- 
markable that  these  two  types  are  represented  by  allied  species  in 
the  Lower  Cretaceous,  where  we  also  find  species  which  are  inter- 
mediate, and  both  types  continue  right  through  the  Tertiaries  of 
Europe  and  North  America,  which  are  connected  by  the  Greenland 
deposits ;  while  one  species  has  also  been  found  in  the  Eocene  of 
Australia.     Altogether  twenty-six  species  are  known. 

"  This,"  as  Sir  J.  W.  Dawson  observes, "  is  perhaps  the  most  remarkable 
record  in  the  whole  history  of  vegetation.  The  Sequoias  are  the  giants 
of  the  Conifers — the  grandest  representatives  of  the  family — and  the 
faict  that,  after  spreading  over  the  whole  northern  hemisphere  and  attain- 
ing to  more  than  twenty  specific  forms,  their  decaying  remnant  should 
now  be  confined  to  one  limited  region  in  America,  and  to  two  species, 
constitutes  a  sad  memento  of  departed  greatness.  The  small  remnant 
of  S.  gigantea  still,  however,  towers  above  all  competitors  as  eminently 
the  I  big  trees';  but  had  they  and  the  allied  species  failed  to  escape  the 
Tertiary  continental  submergences  and  the  disasters  of  the  glacial  period 
this  grand  genus  would  have  been  to  us  an  extinct  type.  In  like  manner 
the  survival  of  the  single  Gingko  of  Eastern  Asia  alone  enables  us  to 
understand  that  great  series  of  taxine  trees  with  fan-like  leaves  of  which 
it  is  now  the  sole  representative." 

Geinitua^  from  the  Upper  Cretaceous  and  Lower  Tertiary  of  both 
Europe  and  North  America,  appears  to  connect  the  preceding  with 
the  following  genus :  it  has  alternating  branches,  with  two  rows  of 
small  sickle-shaped  leaves,  between  which  are  scale-like  leaves  and 
elongated  persistent  cones.  Brachyphyllutn  is  characterised  by  its 
extremely  short  and  thick  scale-like  leaves,  which  are  spirally  ar- 
ranged ;  it  occurs  in  Europe  from  the  Rhsetic  to  the  Wealden,  and 
is  also  found  in  the  North  American  Cretaceous.  An  allied  extinct 
genus  is  the  remarkable  Echinostrobus^  of  the  Upper  Jurassic  of 
Europe  and  the  Indian  Upper  Gondwanas,  in  which  the  stem  is 
flattened,  and  the  branches  are  covered  with  imbricating  scale-like 
leaves ;  while  the  club-like  cones  are  borne  at  the  summits  of  short 
lateral  branches.  Other  extinct  genera  of  this  family  are  Cyparis- 
sidium  fi-om  the  Rhsetic  and  Upper  Cretaceous  of  Europe ;  Inolepis 
of  the  Upper  Cretaceous  of  Greenland  \  ChiroUpis  from  the  Rhaetic 
and  Lias  of  France  and  Switzerland;  and  Swtdenborgia  from  the 
Rhsetic  of  Palsjo. 

The  Cupresstnea,  including  the  Cypresses,  Junipers,  and  Thujas, 
are  moderate  sized  or  shrub-like  trees,  usually  with  very  minute 
scale-like  leaves  closely  adherent  to  the  branches,  and  generally 
arranged  in  two,  although  sometimes  in  three  or  four  rows.  In 
some  cases,  however,  the  leaves  are  linear,  especially  in  the  young. 
This  family  dates  from  the  Upper  Trias,  and  is  represented  at  the 
present  day  by  some  twelve  genera.  One  of  the  earliest  known 
genera  is  Widdringtonites^  from  the  Keuper  of  the  Continent  and  the 
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Jurassic  of  Europe  and  the  United  States ;  it  appears  to  be  in  some 
respects  intermediate  between  other  Conifers  and  the  next  genus, 
and  its  reference  to  this  family  is  provisional.  The  existing  South 
African  genus  Widdringtonta^  in  which  the  leaves  are  alternate  and 
crowded,  and  in  the  young  plant  linear,  is  represented  in  the  Conti- 
nental Miocene ;  while  Callitris  from  the  northern  part  of  the  same 
continent  was  likewise  widely  spread  over  Europe  in  the  Middle 
Tertiary.  In  the  Upper  and  Lower  Cretaceous  of  Europe,  and  also 
in  North  America,  we  meet  with  the  extinct  genus  Frerulopsis ; 
while  in  the  Tertiaries  allied  forms  have  been  referred  to  the  exist- 
ing genera  Frenela  and  Actinostrobus^  now  confined  to  the  Australian 
region ;  Ubroadrus^  which  has  now  a  much  wider  distribution  than 
the  latter  genera,  dates  from  the  higher  Cretaceous  of  Greenland 
and  the  United  States,  and  is  well  represented  in  the  Lower  and 
Upper  Miocene  of  Europe.  In  Moriconia  of  the  Upper  Cretaceous 
of  Greenland  and  Germany,  and  the  Dakota  Cretaceous  of  America, 
and  Thujites  ranging  from  the  Rhaetic  *  to  the  Upper  Jurassic,  we 
have  two  genera  of  which  the  precise  affinities  are  difficult  to  deter- 
mine. Of  the  remaining  existing  genera  known  to  occur  in  a  fossil 
state,  Thuja  is  found  in  amber,  and  has  also  been  recorded  from 
the  Upper  Cretaceous  and  Miocene  of  North  America,  but  these 
forms  are  regarded  by  Dr  Schenk  as  probably  referable  to  Chanuuh 
cypris.  Biota  of  Japan  and  China,  and  Thujopsis  of  Japan,  occur 
in  the  Miocene  of  Greenland  ;  Chamaocypris^  of  North  America  and 
Japan,  dates  from  the  Lower  Eocene  and  Miocene  of  Europe,  and 
probably  from  the  American  Cretaceous ;  Cupressus  (Cypress),  which 
has  a  wide  distribution  in  the  northern  hemisphere,  is  probably  found 
in  amber ;  while  Juniperus  (Juniper)  dates  from  the  Upper  Cretace- 
ous of  America  and  Greenland.  Finally,  Palaocyparis  which  occurs 
throughout  the  European  Jurassic,  and  Phylhstrobus  of  the  Kimerid- 
gian  of  France,  are  allied  extinct  types.  The  last  family  of  Conifers 
is  the  Abietinea^  including  the  Pines,  Spruces,  Larches,  and  Cedars, 
all  of  which  have  tall  symmetrical  stems,  and  usually  spirally-arranged 
linear  leaves,  which  may  be  either  flattened  or  angulated.  The  cones 
are  usually  large  and  pyriform,  with  two  seeds  beneath  each  scale. 
We  may  first  mention  the  extinct  genera  Elatides  and  Palissya^  of 
which  the  family  position  is  uncertain,  since  they  show  some  charac- 
ters of  the  Pines  and  others  of  the  Yews.  The  former  occurs  in 
the  Jurassic  of  Siberia,  but  some  of  the  forms  appear  to  be  Arau- 
carie<B  ;  while  the  latter  is  found  in  the  European  Rhaetic,  the  Lower 
Gondwanas  of  India,  the  Australian  Newcastle  beds,  and  the  reputed 
Trias  of  New  Zealand.  The  existing  types  are  usually  divided  into 
a  number  of  genera,  such  as  Finus  (true  Pines),  Abies  (Spruce), 

^  The  form  from  the  Carboniferous  described  under  this  name  is  probably  t 
Lepidodendroid. 
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Larix  (Larch),  Cedrus  (Cedar),  &c.,  but  the  generic  determination 
of  many  fossil  types  is  extremely  difficult,  and  we  can  only  state  here 
that  the  group  as  a  whole  has  undoubtedly  existed  from  the  Jurassic, 
and  may  not  improbably  date  from  the  Lias  or  Rhaetic  Finally, 
the  family  position  of  the  imperfectly  known  Rhsetic  genus  Campto- 
phyllum  cannot  at  present  be  determined. 

Order  3.  GNETACEiB. — This  small  order,  represented  by  the 
genera  Ephedra^  Gnetum^  and  Welwitschia^  is  not  certainly  known 
to  be  represented  in  a  fossil  state,  although  several  forms  have  been 
referred  to  the  first-named  genus. 
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CHAPTER    LXVIII. 

SERIES  PHANEROGAMjE— continued. 

Class  ANCiosPERMiE. 

Class  II.  ANCiosPERMiC. — With  this  class  we  come  to  the  highest 
development  of  plant  life,  characterised  by  the  complete  enclosure 
of  the  ovules  and  seeds  in  the  ovary,  and  by  the  more  or  less  nidi- 
mental  condition  of  the  endosperm.  As  they  are  highest  in  point 
of  development,  so  these  plants  are  characteristic,  as  a  whole,  of  the 
latter  periods  of  the  earth's  history,  so  that  the  Tertiary  and  recent 
periods  are  well  described  as  the  "  age  of  Angiosperms."  The  class 
may  be  divided  into  the  two  great  subclasses  of  Monocotyledons 
and  Dicotyledons,  of  which  the  former  is  the  more  generalised,  and 
the  first  to  make  its  appearance  in  time. 

Subclass  I.  MoNocoTYLiE. — The  Monocotyledons  are  plants 
having  only  a  single  seed-leaf  or  cotyledon  ;  and  with  an  endogenous, 
or  inwardly  growing  stem,  in  which  there  are  consequently  no  an- 
nual rings  of  growth.  It  includes  the  Palms,  Grasses,  Lilies,  &c  ; 
and  it  appears  that  the  Palms  and  Grasses  are  the  earliest  known 
forms ;  the  perianthed  types,  or  those  with  large  and  conspicuous 
flowers,  not  making  their  appearance  till  a  later  date. 

There  is  indeed  some  doubt  as  to  the  earliest  appearance  of  the 
subclass,  but  it  appears  to  be  certain  that  most  of  the  Palaeozoic 
forms  which  have  been  described  as  Monocotyledons  are  referable 
to  Gymnosperms.  There  occur,  however,  certain  forms  of  doubtful 
affinity  in  the  Upper  Palaeozoic,  which  have  been  termed  "pro- 
Angiosperms,"  or  types  imperfectly  developed  from  a  Pteridophytic 
or  Gymnospermic  stock,  which  we  may  proceed  to  notice.  The 
best  known  is  the  genus  Spirangium^  ranging  from  the  Carboniferous 
to  the  Wealden  \  this  is  based  on  certain  spindle-like  bodies,  which 
are  believed  to  consist  of  from  five  to  ten  linear  valves  enclosing  a 
central  cavity,  the  valves  being  in  some  cases  spirally  twisted.  Their 
affinities  are  at  present  totally  obscure.     From  the  Russian  Permian 
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a  leaf  with  a  net-like  venation  described  under  the  name  of  Dicho- 
neuron^  has  been  regarded  as  a  Monocotyledon,  but  apparently  on 
quite  insufficient  grounds.  The  genus  (Ethophallum^  from  the  Trias 
of  the  Vosges,  which  has  linear  leaves  arranged  in  groups  of  three 
on  the  branches  of  a  woody  stem,  and  long  seed-bearing  spikes, 
has  also  been  referred  to  this  subclass.  Certain  fruit-spikes  from 
the  same  deposits  described  as  Echinostachys  may  belong  to  kindred 
types.  Again,  the  long  ribbon-like  leaves  found  in  the  Rhaetic 
and  Jurassic  and  known  as  Yucdtes,  have  been  looked  upon  as  in- 
dicating plants  allied  to  the  existing  Dracana  ;  but  it  is  quite  pos- 
sible that  remains  of  totally  distinct  types  of  vegetation  have  been 
included  under  this  name.  In  the  Upper  Trias  and  Lias  of  Swit- 
zerland ocou^  the  imperfectly  known  Bambusium^  which  Mr  J.  S. 
Gardner  regards  as  an  undoubted  Monocotyledon,  although  Dr 
Schenk  suggests  affinity  with  the  Equisetaceae.  The  former  writer 
also  regards  as  Monocotyledonous  a  stem  from  the  Yorkshire  Oolites 
described  as  a  Calamite.  Plants  from  the  Jurassic  which  have  been 
named  Naiaditay  Bensoniay  &c.,  are  not  Phanerogams  at  all ;  while 
Aroides  of  the  Great  Oolite  is  based  on  a  Crinoid.  Stems  with  a 
rush  or  grass-like  form  from  the  Purbeck  appear,  however,  to  be  true 
Monocotyledons.  Finally,  Rhizocauhny  from  the  Upper  Eocene  of 
the  Paris  basin,  is  based  on  the  evidence  of  a  stem  which  may  indi- 
cate a  plant  allied  to  the  Cyperacea, 

Leaving  these  doubtful  types,  we  may  proceed  to  the  considera- 
tion of  Monocotyledons  which  can  be  systematically  placed. 

Order  i.  LiLiiFLORiG. — This  order  includes  the  Lilies,  Irises, 
Yuccas,  and  their  allies,  most  of  which  have  conspicuous  perianthed 
flowers,  which  vary  considerably  in  structure,  and  may  be  of  large 
size.  The  plants  may  be  perennial,  but  are  more  usually  annual, 
with  rhizomes  or  bulbs.  The  Liiiacecs  (Lilies,  Tulips,  Aloes,  Yuccas, 
&c)  are  but  of  little  palseontological  importance.  From  the  Eocene 
and  higher  Tertiaries  plants  have  been  described  under  the  names 
of  Agavitesy  Ytuca^  and  DraccBna^  the  two  last  being  existing  genera ; 
but  Dr  Schenk  considers  that  most  of  these  belong  to  Dracana 
(Dragon-tree),  now  found  in  the  Canaries,  Africa,  and  India.  Plants 
of  the  genus  Smilax — the  type  of  a  subfamily  of  Liliacea — occur  in 
the  European  Tertiaries  from  the  Eocene  upwards;  although  it 
seems  doubtful  if  forms  described  as  Smilacina  and  Majantkem(h 
phyllum  really  belong  to  this  group.  TYi^  Juncacea,  or  Rush  family, 
are  known  by  species  of  /uncus  from  the  Upper  Miocene  of  (Enin- 
gen ;  and,  according  to  Dr  Schenk,  a  species  of  Iris  from  the  same 
deposits  is  the  only  fossil  representative  of  the  IridacecRy  although 
several  other  fossils  have  been  described  under  that  name.  In  the 
Dioscoreacea  (Yams),  DioscoriteSy  from  the  European  Miocene,  is 
probably  allied  to  Dioscorea  ;  while  in  the  Pine-apple  family,  or 
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BronuliacecBy  the  typical  Bromelia  apparently  occurs  in  the  same  de- 
posits.   Other  fossils  referred  to  these  families  are,  however,  distinct. 

Order  2.  ENANXiOBLASXiE. — There  is  some  uncertainty  as  to 
whether  this  small  order  is  represented  in  a  fossil  condition,  but  it 
is  not  improbable  that  Eriocaulon  occurs  in  the  Tertiary  of  the 
United  States. 

Order  3.  SPADiciFLORiB. — With  this  order,  which  comprises  the 
Palms,  Screw-pines,  and  Arums,  we  come  to  one  of  considerable 
palaeontological  importance,  as  including  several  of  the  earliest 
representatives  of  the  Class.  They  are  typically  tall  plants,  with 
large  wide-spreading  leaves,  and  the  inflorescence  forming  a  spadix, 
generally  enveloped  in  a  large  spathe,  and  without  a  petalled  peri- 
anth ;  the  seed  being  generally  large,  and  often  of  huge  size.  The 
first  family  of  the  Faimacea  now  includes  about  one  thousand  species 
from  the  warmer  regions  of  the  globe,  and  dates  back  to  the  Upper 
Cretaceous.  In  the  higher  Cretaceous  of  Europe  we  meet  with  Palms 
referred  to  the  extinct  genus  Flabellaria^  which  also  ranges  into  the 
Miocene,  and  has  been  recorded  from  the  Cretaceous  of  the  United 
States.     Fasciculites^  from  the  Cretaceous  of  Greenland,  is  regarded 


Fig.  1404* — A,  Leaf  of  Ckamarops  helvttica ;  from  the  Upper  Miocene  of  Switxerland. 
B,  Leaf  of  5*0^/  major;  from  the  Lovrer  Miocene  or  France.    Reduced. 

with  some  hesitation  as  a  Palm-stem  ;  and  Mr  Gardner  figures  Palm- 
wood  from  the  Folkestone  Gault ;  but  many  other  earlier  fossils, 
such  as  FaUeospathe,  are  not  Palms  at  all.  In  the  Tertiary  Palms 
are  abundant,  and  from  the  Eocene  to  the  Upper  Miocene  we  meet 
with  forms  with  pinnate  leaves  allied  to  the  existing  Fhccnix  (Date- 
palm),  which  have  been  described  under  that  name,  or  as  Ffutni- 
cites  and  Calamopsis.  Of  the  group  with  fan-like  leaves  we  have 
already  mentioned  Flabellaria^  and  throughout  the  European  Ter- 
tiary there  occur  leaves  referred  to  the  Old  World  genus  Chamarops 
and  to  Sabai  oi  North  America  (i^g,  1404) ;  both  of  which  genera 
have  a  more  northerly  distribution  than  any  other  types.     Sabal 
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major  (fig.  1404)  occurs  in  the  Lower  and  Middle  Miocene  of 
Europe,  and  also  in  the  Miocene  of  Northern  India ;  while  remains 
of  the  same  genus  have  been  described  from  the  Tertiary  of  the 
United  States.  In  the  Lower  Eocene  of  Europe  and  the  Chalk  of 
Fuveau  large  fruits  occur  known  as  Nipadites  (fig.  1405),  from  their 
resemblance  to  the  triangular  fruits  of  the  Oriental  and  Australasian 
genus  Nipa^  which  some  writers  class  with 
the  Palms  and  others  with  the  Pandanacea, 
There  is  considerable  doubt  whether  the  small 
family  Cyclanthacect^  of  tropical  America,  is 
represented  in  a  fossil  state,  but  fragmentary 
leaves  from  the  Lower  Eocene  of  Suzanne 
have  been  described  as  Ludoviopsis^  from  their 
supposed  resemblance  to  those  of  Ludovica, 
The  well-known  Fandanacece,  or  Screw-pines, 
are  trees  or  shrubs  with  long  simple  imbri- 
cated leaves,  usually  spined  on  the  edges  and 
back,  and  unisexual  or  polygamous  flowers,     ^Jig.  1405.— Fruit  of  ^«>»a- 

.  ,    '  .        .  ,  •  .1.  L    1         r     <^'^"   elliJticMs;    from   the 

without    penanth,  and    covering   the   whole   of      London  CUy.     Reduced. 

the  spadix;  the  fiiiit  being  in  the  form  of 
drupes  with  single  seeds,  or  berries  with  numerous  seeds.  All  the 
living  forms  are  tropical.  Leaves  from  the  Tertiary  and  Upper 
Cretaceous  of  Europe  have  been  referred  to  Pandanus ;  but  it  is  a 
question  whether  at  least  some  of  these  do  not  indicate  a  distinct 
genus.  In  the  Cretaceous  and  Jurassic  of  Europe,  extending  as  far 
north  as  Greenland,  there  occur  fruits  to  which  the  name  Kaidacar- 
pum  ^  has  been  applied,  and  which  are  regarded  by  their  describer, 
Mr  Carruthers,  as  undoubtedly  Pandanaceous,  although  Dr  Schenk 
is  not  absolutely  satisfied  of  the  correctness  of  this  reference.  The 
fruit  consists  of  a  thick  spadix,  with  bunches  of  drupes,  each  of  which 
contains  a  single  seed ;  the  whole  arrangement  being  strikingly  like 
that  of  the  existing  Sussea.  Podocarya  is  an  apparently  allied  fruit 
from  the  Inferior  Oolite ;  and  some  authorities  regard  Williamsonia 
(p.  1528)  as  related  to  this  genus.  Goniolina^  from  the  Kimeridgian 
and  Corallian  of  France,  is  founded  on  compound  fruits  which  are 
compared  by  Mr  Gardner  to  those  of  PandanuSy  and  of  which  the 
description  is  as  follows : — 

"  Small  ovoid  aggregated  fruits,  like  those  of  Pandanus,  borne  on  a 
naked,  cylindrical,  and  relatively  slender  petiole.  The  heads  of  the  very 
numerous  fruits  are  arranged  in  spirals  and  regular,  pressed  together, 
and  barely  a  millimetre  across.  They  are  of  hexagonal  shape,  and  six 
keels  extend  from  the  angles  and  meet  in  a  raised  point  at  the  centre. 
The  interior  axis  is  cylindrical,  and  impressed  by  scars  made  by  the 
bases  of  the  fruits,  completing  its  likeness  to  Pandanus^ 


^  Correctly  Cadacarpum, 
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The  reed-like  plants  of  the  family  Typhacea  occur  throughout  the 
Tertiary,  where  we  have  Typha  (Reed-mace)  or  the  allied  TypJuto- 
loipufHy  and  Sparganium,  although  it  is  doubtful  if  the  Cretaceous 
plants  referred  to  these  genera  are  rightly  named.  The  Aracea 
(Arums  and  their  allies)  appear  to  date  from  the  Upper  Cretaceous, 
although  it  is  extremely  uncertain  if  the  Tertiary  plants  described 
as  Aroites  and  Aronites  really  belong  to  this  family.  Acorus  (Sweet- 
flag)  occurs  in  the  Miocene  of  Spitzbergen,  and  is  also  found  in 
amber;  and  Pistia^  a  tropical  water-weed  allied  to  the  common 


Fig.  1406. — A,  Fruit ing-orjcan  o{  Gcniolina ;  b  ami  c,  The  individual  fhiiu  enlarged ; 
from  the  Kiineridge  Clay  of  France.    (After  Saporta  and  Marion.) 

Duck-weed  {Lemna\  occurs  in  the  Laramie  beds  of  America  and 
the  Upper  Cretaceous  of  the  Continent ;  but  the  plants  from  the 
Westphalian  Chalk  and  the  Laramie  beds,  described  as  Pistites  and 
Lemnophylluniy  according  to  Dr  Schenk,  are  not  Monocotyledons. 
Ltmna  has  been  described  from  the  Laramie  and  Middle  Tertiary 
of  North  America,  and  also  from  the  Miocene  of  Wiirtemberg. 
PothociteSy  of  the  Carboniferous,  which  has  been  referred  to  this 
family,  is  part  of  a  Sigillarian.  In  the  aquatic  Naiadacett  we  have 
remains  of  the  fluviatile  genera  Posidonia  and  the  marine  Zostera 
{Zosterites)  dating  from  the  Upper  Cretaceous  of  both  the  eastern 
and  western  hemispheres.  Cymodocea  may  also  date  back  to  the 
Eocene,  although  many  of  the  forms  described  under  its  synonym 
of  Caulinites  are  totally  different.  Naias  occurs  certainly  in  the 
Miocene  of  (Eningen,  and  perhaps  in  lower  beds ;  while  Potanuh 
geton  (Pond-weed),  with  its  dimorphic  leaves,  dates  from  the 
Upper  Eocene  of  Aix,  and  is  also  found  in  the  Tertiaries  of  North 
America. 

Order  4.  Glumiflor^e. — This  order  includes  the  Grasses, 
Sedges,  &c.,  and  is  of  but  little  importance  to  the  palaeontologist 
In  the  Graminea,  exclusive  of  some  very  doubtful  forms,  we  may 
notice  that  Bambusa  (Bamboo)  occurs  in  the  Pliocene  of  Europe ; 
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but  that  the  so-called  Bambusium  is  probably  Equisetaceous. 
Arundo  and  the  allied  Phragmites  are  stated  to  make  their  first 
appearance  in  the  Upper  Cretaceous  of  both  hemispheres ;  while 
Pseudophragmites  and  Arundites^  dating  from  the  Eocene,  are  more 
or  less  closely  allied  extinct  types.  In  the  Cyperacea  (Sedges) 
numerous  fossil  Tertiary  plants  have  been  described  as  Carex, 
CyperuSy  Cyperites^  and  Scirpus^  the  former  being  also  recorded 
from  the  Laramie;  but  all  these  determinations  are  exceedingly 
doubtful,  and  it  can  only  be  stated  with  certainty  that  Cyperus 
occurs  in  the  (Eningen  Miocene. 

Order  5.  Scitamine^e. — The  past  history  of  this  large  tropical 
order  is  even  more  imperfect  than  that  of  the  last.  In  the  Musacea 
(Plantain)  large  leaves,  from  the  Eocene  and  higher  Tertiaries,  have 
been  described  under  the  names  of  Musaphyllum  or  Afusa^  but  Dr 
Schenk  suggests  that  some  at  least  of  these  may  belong  to  the 
Aracea,  Under  the  name  of  Zingiberites  imperfect  leaves,  from 
the  Upper  Cretaceous  of  Greenland  and  the  Swiss  Tertiary,  have 
been  regarded  as  indicating  fossil  Zingiberacect ;  and  a  similar  posi> 
tion  has  been  given  to  Amomocarpum  and  Amomophyllum  of  the 
.  Upper  Eocene  of  Paris.  Finally,  Cannophyllites^  of  the  latter  beds, 
has  been  considered  as  an  ally  of  the  existing  Canna  among  the 
Afarantacea, 

Order  6.  GvNANDRiE. — The  only  fossils  hitherto  referred  to  the 
Orchids  are  the  Protorchis  and  Palaorchis^  of  the  Middle  Eocene  of 
Monte  Bolca ;  and  it  is  probable  that  the  greater  number  of  these 
plants,  with  their  highly  specialised  and  complexly  perianthed  flowers, 
are  of  comparatively  recent  origin. 

Order  7.  HELOBiiE. —  The  last  order  comprises  aquatic  and 
marsh  plants  which  date  back  to  the  Upper  Cretaceous.  Laharpia^ 
from  the  Miocene  of  CEningen,  may  perhaps  indicate  a  member  of 
^^ /ungaginacea  allied  to  the  existing  Scheuchzeria.  In  the  Aiis- 
macta  some  of  the  forms,  occurring  from  the  Cretaceous  upwards, 
referred  to  Alisma  and  Sagittaria^  may  be  correctly  named.  Butomus 
has  been  recorded  from  the  Miocene  of  CEningen.  Of  the  Hydro- 
charitacecBy  Stratiotes  and  Hydrocharis  have  been  described  from 
CEningen,  and  the  extinct  Hydrocharites  from  the  Miocene  of  Bonn  ; 
while  Valisneria  and  Ottelia  date  from  the  Upper  Eocene  of  the 
Paris  basin  in  Europe,  but  the  former  also  occurs  in  the  Laramie  of 
America,  and  thus  carries  back  its  origin  to  the  Cretaceous. 

Subclass  II.  DicoTVLiE. — The  Dicotyledons  are  plants  having 
two  cotyledons  or  seed-leaves,  and  the  stems  exogenous  like  those 
of  the  Gymnosperms.  They  represent  the  highest  type  of  plant- 
life,  their  organisation  being  a  great  step  in  advance  of  the  Mono- 
cotyledons. The  earliest  known  members  of  this  group  occur  in 
the  reputed  Lower  Cretaceous  of  Greenland,  where,  however,  only  a 
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few  forms  are  known ;  but  when  we  come  to  the  Dakota  stage  of 
the  United  States,  which  is  usually  correlated  with  the  lower  part  of 
the  Upper  Cretaceous  of  Europe,  Dicotyledons  formed  a  large  pro- 
portion of  the  flora,  more  than  three  hundred  species  having  been 
described  in  1885,  which  belong  to  both  sections  of  the  sub- 
class. This  abundance  of  forms  pointing  to  the  conclusion  that 
the  origin  of  Dicotyledons  must  be  looked  for  in  considerably 
earlier  epochs. 

Very  different  views  are  held  by  authorities  as  to  the  classification 
of  Dicotyledons,  some  dividing  them  into  several  primary  groups, 
while  others  only  admit  the  three  divisions  Apetalae,  Polypetalae,  and 
Gamopetalae.  Dr  Endlicher,  however,  makes  only  two  divisions — 
Choripetalae  and  Sympetalae, — and  since  this  arrangement  is  adopted 
by  Dr  Schenk  in  his  *  Palaeophytologie,'  it  will  be  followed  in  this 
work. 

The  larger  proportion  of  the  Cretaceous  and  Eocene  Dicotyledons 
belong  to  the  Choripetalse,  and  especially  to  those  orders  in  which 
the  flowers  are  fertilised  merely  by  the  agency  of  the  ¥rind;  the 
more  specialised  Sympetalse,  which  require  the  aid  of  insects  for 
this  purpose  being  in  great  part  of  later  date.  The  labours  of  Baron 
von  Ettingshausen  have  shown  that  the  Cretaceous  and  early  Ter- 
tiary Dicotyledonous  (and  also  the  Monocotyledonous  and  Gymno- 
spermous)  flora  was  almost  similar  throughout  the  world  j  and  that 
its  present  division  into  provinces  is  in  great  part  due  to  the  influ- 
ence of  one  or  more  glacial  periods.  Bearing  in  mind  this  world- 
wide distribution  of  so  many  of  the  genera,  it  will  be  unnecessary  in 
most  cases  to  do  more  than  mention  their  earliest  established  occur- 
rence ;  and  owing  to  the  immense  number  of  families  only  the  more 
important  types  can  be  even  mentioned  at  all.  Space  will  not 
permit  any  reference  to  the  gradual  differentiation  of  the  existing 
floras,  or  to  the  interesting  distribution  of  modern  arctic  types  in 
the  Pleistocene,  for  which  the  reader  must  refer  to  the  works  of 
Baron  von  Ettingshausen,  Sir  J.  W.  Dawson,  and  other  writers. 
It  should  be  mentioned  that  in  the  case  of  trees  known  only  by 
the  leaves  the  generic  determination  may  be  open  to  doubt  in 
some  cases. 

Division  A.  CHORiPETALiE. — This  large  group  is  characterised  by 
the  petals  being  either  absent,  or  if  present  not  united  together. 

Order  i.  AMENXACEiE.— This  order  comprises  trees  which  are 
typically  apetalous  with  the  male  flowers  in  the  form  of  catkins. 
It  includes  five  families,  and  comprises  some  of  the  earliest  known 
representatives  of  the  subclass.  The  first  family,  Casuarinida^  is 
now  represented  only  by  the  well-known  Casuarina  of  the  Australian 
and  the  eastern  Malayan  regions  :  this  genus  apparently  occurs  in  the 
Lower  Tertiary  of  Sumatra,  but  it  is  very  improbable  that  the  Euro- 
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pean  fossils  described  under  this  name  are  really  referable  to  the 
group.  With  the  Cupulifera^  containing  the  Alders,  Birches,  Hazels, 
Beeches,  Oaks,  &c.,  we  come  to  a  large  group  well  represented  in  a 
fossil  state,  many  of  the  forms  being  known  by  the  seeds  as  well  as 
the  leaves.  The  existing  genera  Alnus  (Alder),  and  Betula  (Birch), 
are  recorded  from  the  Laramie  and  Dakota  stages  of  the  Upper 


Fig.  liorj.— \jtsS  of  A  Inut  gracilis;  from 
tne  Miocene  of  Europe.   (After  Unger.) 


X 


-A 


Fig.  1408.— Leaf  of  Bttuta  cuspidens^ 
and  fruit  of  ^.  dryadum  ;  from  the  Lower 
Miocene  of  Europe.  Reduced.  (After 
Saporta  and  Brongniart.) 


Cretaceous  of  the  United  States,  and  likewise  from  the  Cretaceous 
of  Greenland,  but  Dr  Schenk  suggests  some  doubt  as  to  whether 
these  forms  really  belong  to  the  living  genera,  and  would  prefer  to 
call  them  Alnophyllum  and  Betulophyllum.  An  allied  Cretaceous 
form  has  been  named  Alnites,  In  the  Tertiary  the  existing  genera 
(figs.  1407,  1408)  are  well  represented  from  the  Eocene  upwards. 
In  the  next  subgroup  Corylus  (Hazel),  Ostrya^  and  Carpinus  (Horn- 


Fig.  1409. — \AsaS  di  Dryopkyllttm ;  from  the  Lower  Eocene  of  Europe.    Reduced. 
(After  Saporta.) 

beam)  also  occur  from  the  Eocene,  while  the  former  is  recorded 
from  the  Laramie.  Fagus  (Beech)  dates  from  the  Dakota  stage, 
which  has  also  yielded  remains  referred  to  Castanea  (Chestnut) ;  and 
Castanopsis  has  been  recorded  from  the  American  Eocene,  and  the 
Australian  Tertiary,  although  it  is  suggested  that  some  of  the  forms 
so  named  may  belong  to  Dryophyiium.     The  latter  name  is  applied 
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Fijf.  1410. — Leaf  of  Q$tercMS 
conferta.  Recent.  Reduced. 
(After  Schenk.) 


to  elongated  leaves  (fig.  1409),  from  the  Upper  Cretaceous  and 
Eocene  of  both  Europe  and  North  America,  which  appear  to  be  in 
some  respects  intermediate  between  those  of 
Castanopsis  and  the  earlier  species  of  Oaks. 
The  leaves  of  Quercus  (Oak)  are  subject  to 
an  enormous  amount  of  variation,  rendering 
the  determination  of  fossil  forms  a  work  of 
extraordinary  difficulty.  One  of  the  most 
ordinary  and  characteristic  types  of  leaf  is 
shown  in  fig.  1410,  but  in  the  early  Ter- 
tiary and  Upper  Cretaceous  we  meet  with 
long  slender  oak-leaves  approximating  to 
those  of  Castanea  in  general  contour.  The 
earliest  recorded  occurrence  of  the  genus 
is  in  the  Dakota  stage,  and  it  is  abundant- 
ly represented  throughout  the  Tertiaries; 
leaves,  from  the  Tertiary  of  Australia,  in 
which  country  oaks  are  now  absent,  have 
been  described  as  Quercus^  but  doubt  has  been  thrown  on  this 
determination.  In  the  Juglandacect^  the  genus  Juglans  (Walnut) 
probably  dates  from  the  Upper  Cretaceous  of  America  and  Green- 
land ;  the  Tertiary  species  of 
which  a  leaf  is  figured  in  the 
woodcut  occurs  on  both  sides 
of  the  Atlantic,  and  appears  to 
be  closely  allied  to  the  existing 
J.  regia.  The  name  Jugland- 
ites  has  been  applied  to  leaves 
from  the  Upper  Cretaceous  and 
Eocene  of  Europe,  which  are 
believed  to  indicate  an  allied 
type.  Carya  (Hickory),  now  confined  to  America,  is  recorded  fi'om 
the  Cretaceous  of  that  country,  and  occurs  in  both  the  European 
and  American  Tertiaries.  Similarly  the  Old  World  Pterocarya  is 
represented  in  the  Tertiaries  of  both  hemispheres,  while  the  Oriental 
genus  Engelhardtia  occurs  in  the  Upper  Eocene  of  Aix,  where  it 
has  been  described  as  PalcRocarya.  In  the  Myricacea  the  single 
genus  Myrica  makes  its  first  appearance  in  the  Upper  Cretaceous 
of  Greenland  and  North  America,  and  is  common  in  the  Tertiaries. 
Of  more  palaeontological  importance  is  the  family  Salicacea^  in  which 
both  Populus  (Poplar)  and  Salix  (Willow),  (fig.  141 5,  d\  date  from 
the  Upper  Cretaceous.  A  leaf  from  beds  at  Komi  in  Greenland, 
which  have  been  regarded  as  Lower  Cretaceous,  has,  indeed,  been 
described  as  Populus^  but  according  to  Mr  J.  S.  Gardner  on  totally 
insufficient  grounds;  but  Sir  J.  W.  Dawson  considers  that  SaHx 


/^^=^ 


Fiff.  141 1. — \jtaXcXyt^Um*€icuminatai  from 
the  Miocene  of  Europe.  Reduced.  (After 
Schenk.) 
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may  occur  in  the  Lower  Cretaceous  of  the  United  States.     The 
species  of  Populus  of  which  a  leaf  is  figured  in  the  woodcut  ex- 
tends from  the  Lower  Miocene  to  the 
Pliocene. 

Order  2.  URXiciNiE. — This  order 
contains  the  three  families  UlmacecBy 
UrticaceoRy  and  Ceratophylea ;  the  last 
of  which  requires  no  further  mention. 
In  the  first  family  Ulmus  (Elm)  makes 
its  first  undoubted  appearance  in  the 
Upper  Eocene  (Lower  Oligocene)  of 
Aix,  in  Provence,  but  the  Asiatic  and 
American  Planera  dates  from  the  La- 
ramie Cretaceous,  and  is  common  in     .  ^"^".v^'Vri**'^^/'^'"'*  ^'^•* 

'     ,  .^  ,  .      /•».▼  from  ine  Miocene  ot    isurope.      Ke- 

the  European  Tertiary.     Celtis  (Net-    duced.  (After  Schenk.) 
tie-tree),  now   abundant   in   southern 

Europe,  is  well  represented  throughout  the  Continental  Miocene ; 
while  Morus  (Mulberry)  is  unknown  before  the  Upper  Miocene. 
The  tropical  Artocarpus  (Bread-fruit)  dates  from  the  Upper  Creta- 
ceous of  Greenland,  and  also  occurs  in  the  CEningen  Miocene ;  and 
it  is  probable  that  some  of  the  forms  from  the  Lower  Eocene  and 
Miocene  of  Europe  described  under  the  names  Artiocarpidium  and 
Artiocarpoides  are  allied  types,  although  others  belong  to  Ficus, 
The  latter  genus  includes  the  numerous  species  of  Fig  mostly 
characteristic  of  the  warmer  regions ;  it  dates  from  the  Greenland 
Cretaceous  and  the  Laramie,  and  is  abundant  in  the  Tertiaries  of 
many  parts  of  the  globe.  The  names  Ficonium  and  Protoficus  have 
been  applied  to  fig-like  leaves  from  the  Eocene,  some  of  which  may 
belong  to  this  family.  In  the  Urticacea  it  has  been  considered  that 
Urtica  (Nettle)  occurs  in  the  Middle  Miocene  of  Styria,  but  this 
requires  confirmation.  That  the  family  occurred  in  the  Tertiary  is, 
however,  proved  by  the  genus  Forskohleanthemum^  which  is  found 
in  amber,  and  is  allied  to  the  existing  tropical  and  subtropical 
genus  Forskohlea,  Here  may  be  mentioned  certain  genera  of 
uncertain  affinity  which  are  considered  by  Dr  Schenk  to  be  allied  to 
the  Urticacea^  although  Sir  J.  W.  Dawson  would  place  them  near  the 
Platanacea ;  these  comprise  the  Upper  Cretaceous  Credneria  and 
Ettingshausia  from  Europe;  Macdintockia^  with  more  elongated 
leaves,  from  both  the  Cretaceous  and  Eocene ;  and  Protophyllum 
of  the  American  Cretaceous,  which  is  considered  by  Dr  Schenk  to 
be  allied  to  the  existing  Urticaceous  genus  Laportea, 

Order  3.  PiPERiNEiE. — In  this  group  Piper  (Pepper)  and  allied 
forms  described  as  Piperites  occur  in  the  Lower  Tertiary  of  Java 
and  Sumatra;  the  existing  forms  being  now  tropical. 

Order  4.  CENTROSPERMit. — This  large  order,  which  includes  the 
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Pinks  and  Portulacas,  is  very  sparingly  represented  in  a  fossil  state, 
but  we  may  mention  that  Polygonum^  CoccolaMsy  and  Salsola  occur 
in  the  European  Miocene;  while  Pisonia  is  found  in  the  Middle 
Tertiaries  of  both  Europe  and  North  America. 

Order  5.  PoLYCARPiEiE. — Of  the  nine  families  constituting  this 
order  only  the  Lauracea,  Nymphaacea,  and  Magnoliacea  are  of 
much  importance  to  the  palaeontologist  In  the 
Lauracea  the  existing  genera  Laurus  (Laurel), 
Sassafras  (fig.  141 5,  a)  Cinnamomum  (Cinnamon, 
fig.  141 3),  Per  sea  (Alligator-pear,  fig.  14 14),  and 
Oreodaphne^  occur  in  the  Upper  Cretaceous  of 
Europe  or  the  United  States,  and  throughout  the 
greater  part  of  the  Tertiaries.  With  the  excep- 
tion of  Laurus  all  these  genera  are  now  tropical 
or  subtropical,  Persea  and  Oreodaphne  being  re- 
stricted to  America  \  and  their  abundance  in  the 
European  Tertiaries  affords  conclusive  proof  of 
the  warm  climate  of  that  epoch.  Cinnamomum 
also  occurs  in  the  Tertiary  of  Australia,  and  Litsaa 
in  that  of  Borneo.  In  the  Berberidacece  the  type 
genus  Berberis  (Berberry)  dates  from  the  Lower 
Miocene ;  but  with  the  Menispermacect  we  return 
to  a  family  dating  from  the  Cretaceous,  where  it  is  represented  in 
the  United  States  by  the  extinct  Menispermites,  Cacoilus,  of  the 
Oriental  region,  is  found  in  the  European  Pliocene,  and  has  also 
been  recorded  from  the  Eocene,  but  the  latter  determination  is 
doubtful.  Leaving  out  some  other  unimportant  types  we  may  pass 
to  the  family  Magnoliaceoe^  which  has  a  palaeontological  history  of 


Fig.  1413.— Ct««M«i^ 
mum  polymorpkum.  a, 
Leaf;  b^  Flower;  from 
the  Upper  Miocene  of 
Europe.     Reduced. 


Fig.  i^x^—lAaSKAPerua^ncepx;  from  the  Upper  Miocene  of  Switzerland.     Reduced. 

(After  Heer.) 

considerable  interest.  The  type  genus  Magnolia^  so  well  known  for 
its  magnificent  white  flowers,  is  now  confined  to  Asia  and  North 
America,  but  in  the  Tertiary  was  spread  over  all  Europe,  and  has 
also  been  recorded  from  Australia ;  its  earliest  appearance  being  in 
the  Upper  Cretaceous  of  France  and  the  United  States.  The  other 
well-known  genus  is  Liriodendron^  now  represented  only  by  the 
handsome  Tulip-tree  (Z.  tulipifera)  of  eastern  America,  but  in  former 
times  having  a  wide  distribution,  and  dating  from  the  Cretaceous  of 
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both  hemispheres.     The  leaves  (fig.  141 5,  ^)  are  readily  recognised 
by  their  lyre-like  form  and  deep  terminal  emargination. 

The  observations  of  Dr  Newberry  on  this  genus  are  so  interesting 
thaty  with  some  omissions  and  verbal  alterations,  they  may  be  quoted  at 
length.  The  doctor  observes, "  that  a  plant  so  splendid  should  stand  alone 
in  the  vegetation  of  the  present  day  excited  the  wonder  of  the  earlier 
botanists,  but  the  Sassafras,  Sweet-gum,  and  the  Sequoias  of  the  West 
afford  similar  examples  of  isolation.  Three  species  of  Liriodendron 
occur  in  the  Cretaceous  of  New  Jersey,  and  others  have  been  obtained 
from  the  Dakota  group  in  the  West,  and  from  the  Upper  Cretaceous  of 


Fig.  14x5.— Leaves  of  American  Cretaceous  Dicotyledons,  a,  Sassafras  cretaceum;  b^ 
Liriodendron  Moeki;  c,  LeguminosHes  Afarcouanns;  d,  Salix  Mteki,  (After  Dana  and  Les. 
qucxeux.) 

Greenland.  Though  differing  considerably  among  themselves  in  size 
and  form,  all  these  have  the  deep  sinus  of  the  upper  extremity  of  the 
leaves  so  characteristic  of  the  genus,  and  the  venation  is  also  essentially 
the  same.  Hence  we  must  conclude  that  the  genus,  now  represented  by 
a  single  species,  was  in  the  Cretaceous  age  much  more  largely  developed, 
having  many  species,  and  those  scattered  over  many  lands.  In  the 
Tertiary  the  genus  continued  to  exist,  but  the  species  seem  to  have  been 
reduced  to  one,  which  is  hardly  to  be  distinguished  from  that  now  living. 
In  many  parts  of  Europe  leaves  of  the  tulip- tree  have  been  found,  and  it 
extended  as  far  south  as  Italy.    Three  European  species  have,  indeed, 


Digitized  by  LjOOQ  IC 


1 5  so  PHANEROGAMiE. 

been  described,  but  they  are  all  so  like  the  living  form  that  they  should 
probably  be  united  with  it  We  here  have  a  striking  illustration  of  the 
wide  distribution  of  a  species  which  has  retained  its  characters  both  of 
fruit  and  leaf  quite  unchanged  through  long  migrations  and  an  enormous 
bpse  of  time.  In  Europe  the  tulip-tree,  like  many  of  its  American 
associates,  seems  to  have  been  destroyed  by  the  cold  of  the  glacial 
period,  the  Mediterranean  cutting  off  its  retreat ;  but  in  America  it 
migrated  southward,  and  returned  northward  with  the  amelioration  of 
the  climate.'* 

The  mainly  tropical  family  of  the  Anonacea  includes  trees  and 
shrubs  closely  allied  to  the  Magnolias,  and  the  existing  American 
and  Malayan  genus  Afiona  is  represented  in  the  Upper  Cretaceous 
and  Tertiary  of  the  United  States,  while  in  Europe  it  is  found  from 
the  Eocene  to  the  Pliocene.  The  extra-tropical  North  American 
genus  Asimina  occurs  in  the  Laramie  and  Eocene  of  the  same 
regions.  The  large  family  of  the  Ranunculacea  is  sparingly  repre- 
sented in  a  fossil  state ;  thus  Clematis  has  been  recorded  from  the 
reputed  Pliocene  of  Japan,  the  Miocene  of  CEningen,  and  the 
Eocene  of  Croatia,  but  it  is  not  absolutely  certain  that  the  deter- 
mination is  correct.  The  same  remark  applies  to  other  Tertiary 
plants  referred  to  Ranunculus  and  HeUeborus  (Helleborites).  The 
names  Dewalquea  and  Debea  have  been  applied  to  Upper  Cretaceous 
plants  considered  to  belong  to  this  family,  although  Dr  Schenk 
suggests  affinity  with  the  Arotdea,     The  Water-lilies  of  the  family 

Nymphaacect  date  from  the  Upper  Creta- 
ceous, where  we  meet  ¥rith  remains  of 
the  existing  genus  Nelumbium^  succeeded 
in    the   Upper   Eocene   (Oligocene)    by 
Nymphaa  (fig.   141 6).     Seeds  from  the 
Miocene  of  Germany,  described  as  Holo- 
pleura^  are   considered  to  be  allied  to 
those  of  the  celebrated   Victoria^  of  the 
African    lakes.       Other    Tertiary   types 
have    been   referred   to   extinct    genera 
under  the  names  of  Ancutomeria^  Nym- 
Fig.  1416.— Under  surface  of  a    phaitcs^  and    Carpolttkes,      Finally,  the 
Jh^Cr'E"'^™  omTl-'  o~"    genus  Nuphar  is  unknown   before  the 
eighth  natural  size.  (After  Saporta.)    Norfolk  Forest-bcd,  where  we  meet  with 

the  existing  Yellow  Water-lily. 
Order  6.  RnofeDiNiE. — Of  the  Papaveracea  (Poppies)  and  Crud- 
fercB,  constituting  this  order,  the  palaeontological  history  is  almost  a 
blank,  although  a  few  Miocene  forms  have  been  referred  to  them. 
The  Crucifera  include  the  Cabbage  tribe. 

Order  7.  CistiflorvE. — This  order  is  of  somewhat  more  palaeon- 
tological importance.  In  the  Violacea  (Violets  and  Pansies),  An- 
chietea  is  recorded  from  the  Miocene  of  Auvergne;  while  in  the 
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Cistacect  (Rock-roses)  a  Cistus  has  been  described  from  that  of 
Germany.  A  Kiggelaria^  from  the  Upper  Eocene  of  Saxony,  is  the 
only  fossil  representative  of  the  Bixacea,  The  tropical  family  Tern- 
strctmiacea  is  somewhat  better  known ;  thus  we  find  Pentaphylax 
in  amber  of  middle  Tertiary  age,  while  Stuartia.  also  occurs  in 
amber  as  well  as  in  Pliocene  beds.  The  genera  Ternstramia^ 
Freziera^  and  Sauruja  are  known  as  fossils  only  by  their  leaves ; 
the  first  dating  from  the  Cretaceous  of  Boheniia,  the  second  from 
the  Eocene,  and  the  third  from  the  Miocene.  Another  tropical 
family,  the  Dipterocarpea^  is  represented  in  the  Eocene  of  Sumatra 
and  Borneo  by  species  of  the  genus  Dipterocarpus^  now  inhabiting 
the  same  regions,  and  yielding  the  balsam  of  Copaiba. 

Order  8.  CoLUMNiFERiE. — This  order  includes  the  four  families 
Tiliacea^  StercuiiacecB,  Malvacect^  and  Bombacea,  In  the  first  the 
existing  genera  Tilia  (Lime),  Grewia^  and  Elaocarpus  occur  fossil, 
the  former  dating  from  the  Laramie,  and  the  two  latter  from  the 
Upper  Eocene  or  Lower  Miocene.  Of  extinct  genera  we  may 
mention  the  Cretaceous  and  Lower  Eocene  Grewiopsis  and  Apei- 
bopsis  ;  the  former  being  known  by  leaves,  and  the  latter  by  gourd- 
like firuits,  of  very  common  occurrence  in  the  London  Clay,  which 
resemble  those  of  the  existing  American  genus  Apeiba,  Norden- 
skialdia  is  based  on  allied  fruits  from  the  Tertiary  of  Spitzbergen. 
The  Sterculiacea  is  an  exclusively  tropical  family  of  trees  and 
shrubs,  in  which  the  existing  genus 
Sterculia  commences  in  the  Da- 
kota Cretaceous,  and  continues 
right  through  the  European  Ter- 
tiaries.  Extinct  genera  are  Dom- 
beyopsis^  PterospermiteSy  and  Fraca- 
Stella^  all  of  which  commence  in 
the  Cretaceous,  and  continue  to 
the  Lower  or  Middle  Tertiary. 
The  leaves  of  Dombeyopsis  (fig. 
141 7)  are  acutely  trilobate,  with 
numerous  veins.  The  Malvacea 
and  Bombacea  have  left  but  little 
record  of  their  past  history;  but 
Bombax  occurs  in  the  Upper  Eo- 
cene of  Europe. 

Order  9.  Gruinales.  —  The 
palaeontology  of  this  order,  which 
includes  Geraniums,  Tropaeolums, 
Sorels,  Flax,  and  Balsams,  may  be  summed  up  in  very  few  words.  It 
is  thought  that  Geranium  may  occur  in  amber ;  the  Tertiary  Oxali- 
dites  is  referred  to  the  Oxalidacea  ;  but  the  Tertiary  fruit  described 


Fig.  1417.— Under  surface  of  a  leaf  of 
Dombtyopsis  Deckeni;  from  the  Lower  Wko- 
cene  of  Germany.  One-fourth  natural  size. 
(After  Schenk.) 
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as  Linum  (flax)  is  of  very  doubtful  value  as  evidence  of  the  family 
Unacea. 

Order  io.  Terebinthin/e. — Of  the  families  constituting  this 
order,  several  are  very  imperfectly  known  before  the  present  epoch. 
In  the  Rutacea  (Rue-worts)  the  genus  Xanthoxylon^  which  is  now 
mainly  tropical,  occurs  in  the  Upper  Eocene  and  Lower  Miocene 
of  Europe,  and  also  in  the  North  American  Tertiaries.  Fielea 
appears  at  the  same  .date,  but  persists  to  the  close  of  the  Miocene 
period.  With  regard  to  Protamyris^  from  the  Tertiary  of  Croatia, 
which  was  described  as  being  allied  to  the  existing  Amyris^  there  is 
considerable  doubt  whether  it  really  belongs  to  this  family  at  alL 
In  the  Simarubacea  the  Indian  and  Chinese  genus  Ailanthus  was 
formerly  more  widely  spread,  being  found  in  Europe  from  the 
Upper  Eocene  to  the  Upper  Miocene.  There  is  some  doubt 
whether  the  plants  from  the  Middle  Eocene  of  Monte  Bolca, 
referred  to  the  genus  Guajacites^  are  really  representatives  of  the 
American  family  Zygophyllacect,  The  large  family  of  the  Anacar- 
diacecty  typically  represented  by  the  tropical  Anacardium  (Cashew- 
tree),  is  known  by  a  considerable  number  of  fossil  forms,  although 
there  is  some  doubt  as  to  whether  several  of  these  are  rightly  de- 
termined. From  the  Upper  Eocene  of  Provence  a  fruit  has  been 
referred  to  this  family  under  the  name  of  Triiobium.  Pistachia 
(Pistachio),  now  distributed  over  the  temperate  zone  of  the  northern 
hemisphere,  is  known  from  the  European  Upper  Eocene  and  Mio- 
cene ;  while  the  name  Anacardites  has  been  given  to  leaves  occur- 
ring from  the  Cretaceous  to  the  Miocene.  A  large  number  of 
species,  dating  from  the  Upper  Cretaceous  and  continuing  through 
the  Tertiaries  of  both  Europe  and  America,  have  been  referred  to 
Rhus  (Sumach),  but  it  is  probable  that  some  of  these  belong  to 
other  plants.  Of  the  other  families,  it  will  suffice  to  say  that  in 
the  CoriariacecR  the  genus  Coriaria  occurs  from  the  Lower  Miocene 
to  the  Pliocene  of  Europe. 

Order  ii.  -^^cuLiNiE. — In  this  order  the  family  Sapindaaa^ 
with  the  exception  of  K(zlreuteria^  Staphylea^  and  ^sculus^  is  now 
confined  to  the  tropics,  and  includes  trees  of  large  size.  Fruits 
from  the  London  Clay  termed  Cupanoides^  and  others  from  the 
Miocene  of  Croatia  described  as  CupaniUs^  are  believed  to  have 
belonged  to  sapindaceous  trees  allied  to  Cupania,  Paullinia  has 
been  recorded  from  the  Middle  Tertiaries  of  the  Continent,  while 
Kctlreuteria  occurs  in  the  Upper  Miocene.  Fruits  from  the  Ter- 
tiary of  Eubaea  have  been  referred  to  Nepheliumy  while  an  imperfect 
leaf  from  Borneo  probably  belongs  to  the  same  genus.  Sapindus^ 
which  in  America  does  not  range  north  of  Texas,  is  abundantly  re- 
presented in  the  Upper  Cretaceous  and  Tertiaries  of  both  the  Old 
and  New  Worlds.  yEsculus  (Horse-chestnut)  has  been  recorded 
from  the  Laramie  beds,  but  in  Europe  appears  to  be  unknown 
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Fig.  1418.— Leaf  and  se«d 
of  Acer  acutiloifata;  from 
the  Miocene  of  Germany. 
One  •  third  natural  size. 
(After  Schenk.) 


before  the  Lower  Miocene,  although  said  to  be  abundant  in  the 
earlier  Tertiaries  of  Japan.  Dodonaa^  now  mainly  confined  to  the 
southern  hemispheres,  is  found  in  the  Tertiaries  of  Europe  and 
North  America.  Again,  Staphylea^  which  is  unknown  as  a  fossil  in 
Europe,  is  abundant  in  the  Eocene  of  the 
United  States.  The  genus  Acer  (Maple  and 
Sycamore),  now  widely  distributed,  is  repre- 
sented by  a  great  number  of  fossil  species 
ranging  from  the  Laramie  stage  upwards.  The 
leaves  are  subject  to  great  variation  in  form, 
the  most  remarkable  types  occurring  in  the 
Pliocene  A.  polymorpha  ;  the  woodcut  shows 
a  leaf  of  the  more  ordinary  form  together  with 
one  of  the  characteristic  winged  seeds. 

The  mainly  tropical  family  Malpighiacea 
is  represented  in  the  Tertiary  from  the  Upper 
Eocene  to  the  higher  Miocene  by  several 
existing  genera,  such  as  Stigmaphyllumy 
Banisteria,  TetrapteriSy  and  Hircta^  together 
with  the  extinct  Malpighiastruniy  ranging 
from  the  Eocene  to  the  Upper  Miocene  or  Pliocene ;  the  whole  of 
the  above-mentioned  existing  genera  being  now  confined  to  America. 

In  this  place  we  may  mention  the  family  Fiatanacea  which  is 
placed  by  some  writers  in  the  Amentaceae  or  Urticinae,  but  of 
which  the  ovary  and  the  general  ap- 
pearance of  the  trees  bring  it  near  to 
the  Maples  and  Sycamores.  Of  the 
single  genus  Platanus  (fig.  141 9)  there 
is  now  one  species  in  Asia  Minor  and 
another  in  North  America ;  fossil  forms 
occurring  as  low  down  as  the  Dakota 
Cretaceous  and  continuing  through  the 
Tertiaries  of  both  hemispheres,  their 
last  appearance  in  Europe  being  in  the 
CEningen  Miocene. 

Order  12.  FRANCULiNiE. — Among 
the  more  important  fossil  forms  found 
in  this  order  we  may  mention  that  in 
the  CelastracecB  Euonomus  (Spindle- 
wood)  makes  its  first  known  appearance  in  the  Miocene  by  forms 
allied  to  Indian  types ;  while  Ceiastrus  dates  from  the  Cretaceous 
of  Greenland,  and  is  known  by  a  host  of  Tertiary  species.  The 
two  extinct  genera  Celastrophyllum  and  Celastrinites  commence  in 
the  Upper  Cretaceous,  the  one  continuing  to  the  Pliocene  but  the 
other  unknown  above  the  Eocene.  Finally,  remains  from  the 
Miocene   of  Styria   have   been  referred  to   the   South   American 


Y\%.  1419.  —  Platanus  acetvides. 
a,  Leaf;  ^,  The  core  of  a  bundle  of 
pericarps  ;  c,  A  sinele  fruit  or  peri- 
carp,  natural  size.     Upper  Miocene. 
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genus  Maytenus,  Whether  the  Hippocrateacea  and  Pittospareacea 
occur  fossil  is  uncertain,  although  Tertiary  plants  from  Styria 
have  been  referred  to  Hippocraiea  and  others  from  Provence  to 
Pittosporutn. 

In  the  Aquifoliacea  the  genus  Ikx^  typically  represented  by  the 
Holly,  is  abundantly  represented  throughout  the  Tertiaries,  and  is 
also  recorded  from  the  Cretaceous  of  both  hemispheres,  commencing 
in  the  Dakota  stage.  The  extensive  family  of  the  Rhamnacea  has 
afforded  ample  proof  of  its  existence  in  earlier  periods ;  thus  the  Old 
World  genus  Paliurus^  and  the  tropical  Zizyphus  (Jujube)  both  date 
from  the  Cretaceous  and  persist  in  Europe  till  the  Pliocene.  In 
the  Laramie  Cretaceous  and  the  European  Tertiary  we  have  the 
existing  American  genus  Berchemia ;  while  other  plants  from  the 
Laramie  have  been  made  the  types  of  an  extinct  genus  Rhamnites, 
Finally,  the  genus  Rhamnus  (Buckthorn),  mainly  characteristic  of 
the  northern  temperate  zone,  can  be  traced  back  to  the  Upper  Cre- 
taceous of  the  Old  and  New  Worlds.  The  last  family  of  this  order 
is  the  Vitacea^  in  which  we  find  CissuSy  of  the  tropics,  recorded  from 
the  Miocene  of  Croatia  and  elsewhere ;  allied  Cretaceous  forms  de- 
scribed as  Cissites  and  Chondrophyllum  ;  while  Vitis  (Vine)  itself  is 
known  to  date  as  far  back  as  the  Laramie  Cretaceous. 

Order  13.  TRicocCiE. — Of  this  order,  which  includes  the 
EuphorbiacecB  (Spurges),  Buxacea  (Box),  and  EmpetracMty  the 
palaeontological  history  is  almost  a  blank ;  the  first  family  being  un- 
known in  a  fossil  state,  the  second  dating  from  the  Pliocene,  and 
the  third  from  the  Pleistocene. 

Order  14.  UMBELUKLORiE. — The  occurrence  of  the  typical 
family  Umbeliifsra,  of  which  Parsley  is  a  well-known  representative, 
in  a  fossil  state  is  doubtful,  but  the  other  two  families  are  commonly 
represented.  Thus  in  the  Araliacea  Panax  occurs  in  the  Mio- 
cene, and  has  also  been  recorded  from  the  Upper  Cretaceous ;  while 
Aralia  also  dates  from  the  same  epoch  and  was  abundant  in  the 
Eocene ;  and  Hedera  (Ivy)  is  first  known  from  the  early  period  of 
the  Dakota  stage.  Finally,  in  the  Comacea  the  typical  genus  Comus 
(Cornel)  together  ¥rith  Nyssa  make  their  appearance  in  the  Upper 
Cretaceous. 

Orders  15,  SAXIFRAOINiE;  16,  OPUNTINiE;  17,  PASSIFLORINiE.— 

Of  these  three  orders  the  second  is  totally  unknown  in  a  fossil  state, 
while  the  only  trace  of  the  third  (Passion-flowers)  is  afforded  by 
some  exceedingly  doubtful  leaves  from  the  Oligocene.  In  the  first, 
however,  the  family  Hamamelidacea  is  represented  in  the  European 
Miocene  by  species  of  the  existing  Asiatic  genus  Parrotia^  and  by 
the  extinct  Hamamelites  of  the  Lower  Eocene  of  Suzanne,  while 
Liquidambar  (Sweet-gum)  dates  from  the  Cretaceous  of  Europe  and 
the  United  States,  the  Cretaceous  species  having  the  leaves  with 
entire  margins. 
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Order  i8.  MvRTiFLORiE. — In  the  Onogracea  the  well-known 
genus  Trapa  (Water-chestnut),  characterised  by  its  peculiar  spiked 
fruits  and  now  confined  to  the  Old  World,  makes  its  first  known 
appearance  in  the  Laramie  Cretaceous  of  the  United  States,  while 
in  Europe  it  dates  from  the  Uppej  Eocene  (Lower  Oligocene). 
Curiously  enough  71  borealis  of  the  Tertiary  of  Alaska  and  the 
Laramie  stage  is  allied  to  the  existing  Oriental  T,  bispinosa^  and 
not  to  the  four-spined  European  species ;  the  writer  has  seen  speci- 
mens from  the  Pliocene  Siwaliks  of  Perim  Island  which  probably 
belong  to  T,  bispinosa.  The  family  Halorhagidacea  is  not  known 
before  the  Pleistocene ;  while  there  is  only  very  doubtful  evidence 
as  to  the  occurrence  of  the  Combretacea^  Lythrariacea^  and  Melas- 
tomcuoB  in  a  fossil  state,  although  plants  from  the  Eocene  of  Pro- 
vence have  been  referred  to  Terminalia  (Combretaced)^  and  the  name 
MelastonUtes  has  been  applied  to  others  from  the  Westphalian  Cre- 
taceous. In  the  Myrtacea^  however,  we  have  a  large  number  of 
fossil  forms ;  thus  Myrtus  (Myrtle)  dates  from  the  Upper  Eocene  of 
Provence,  while  an  apparently  allied  Cretaceous  type  has  received 
the  name  of  Myrtophyllum,  The  genus  MetrosideroSy  which  includes 
several  climbing  species,  and  is  now  characteristic  of  the  Moluccas 
and  the  Australasian  region,  appears  to  be  represented  in  Europe 
from  the  Cretaceous  to  the  Miocene ;  while  Eucalyptus  (Gum-tree), 
of  Australia,  occurs  in  the  Laramie  Cretaceous  and  the  European 
Tertiaries.  Finally,  Callistemophyllutn  and  Leptospermites  are  ex- 
tinct European  Tertiary  types. 

Order  19.  THVMELiNiE. — In  the  two  families  Thymeiaacea  and 
JSleagnacea  the  Australian  genus  Pimelea  has  been  recorded  from 
the  Lower  Tertiary  of  Europe  and  the  United  States,  while  Daphne 
is  common  in  the  European  Tertiaries.  A  number  of  fossil  forms 
have  been  referred  to  the  large  family  Proteacea^  but  since  at  least 
in  some  cases  the  determinations  are  doubtful  it  will  sufl^ce  to  state 
that  plants  dating  from  the  Eocene  have  been  referred  to  the  exist- 
ing genera  Dryandra^  Banksia^  Knightia^  Lomatia^  GrevilUa^  and 
Persoonia ;  while  as  extinct  types  we  have  the  Cretaceous  Dryan- 
droideSy  and  the  Eocene  BanksiteSy  KnightiteSy  EmbothriteSy  Loma- 
titeSy  &c 

Order  20.  RosiFLORiE. — This  important  order  is  not  well  repre- 
sented in  a  fossil  state,  although  in  some  genera  a  considerable 
number  of  species  have  been  described.  In  the  Posacea  the  genus 
Rosa  (Rose)  appears  to  be  represented  by  several  Miocene  species ; 
while  among  the  Amygdalacea  Prunus  (Plum)  and  Amygdaius 
(Almond)  certainly  date  from  the  Miocene,  and  are  perhaps  of  ear- 
lier origin.  In  the  Pomacea  Pirus  (Pear)  would  likewise  appear  to 
occur  in  the  Miocene,  but  the  North  American  Cretaceous  plant 
referred  to  this  genus  is  probably  different;  while  of  other  types 
AmelianckUr  (Medlar)  has   been   recorded   from   the   Tertiary  of 
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Europe  and  the  United  States  and  also  from  the  Laramie.  Coton- 
easter  dates  from  the  Eocene  of  Provence,  and  Cratagus  (Thorn) 
from  the  Laramie. 

Order  21.  LEOUMiNOSiE. — The  large  and  well-known  order  of 
Leguminous  plants,  in  which  the  fruit  is  usually  in  the  form  of  a 
pod  or  legume,  in  which  the  seeds  are  placed,  is  divided  into  three 
families,  of  which  the  palaeontological  history  is  still  imperfect  In 
the  PapiiionacecBy  characterised  by  their  imbricate  papilionaceous 
petals,  leaves  from  the  Miocene  of  Croatia  have  been  referred  to  the 
Australian  genus  Gastrolobiufn^  but  the  determination  is  very  doubt- 
ful ;  and  the  same  remark  applies  to  those  described  as  OxyMnum. 
Genista  (Broom)  has  been  recorded  from  the  Miocene  of  Germany ; 
Cytisus  from  several  European  Miocene  deposits;  and  TrigoneUa^ 
Indigo/era  (Indigo),  and  Tephrosia  from  the  Upper  Miocene  oif 
CEningen.  Robinia  apparently  dates  from  the  Lower  Miocene  of 
Germany ;  while  Colutea  occurs  at  CEningen,  and  is  also  recorded 
from  the  Cretaceous  of  America  and  Greenland ;  and  Erythina  is  re- 
presented in  the  Croatian  Miocene.  Passing  by  some  less  important 
forms  we  may  notice  that  Dalbergia^  now  mainly  confined  to  India, 
is  common  in  the  European  Tertiaries,  and  is  also  recorded  from 
the  Cretaceous ;  while  the  American  Drepanocarpus  occurs  in  the 
Eocene  of  Monte  Bolca,  the  Asiatic  Fterocarpus  in  the  Miocene, 
and  the  American  Piscidia  in  the  Miocene  of  Croatia.  Micropadium^ 
Phascolites^  and  Ervites  are  extinct  types  from  the  Upper  Eocene  of 
Provence ;  Paiaolobium^  of  the  European  Miocene,  being  also  ex- 
tinct. Finally,  Cerds  (Judas-tree),  now  represented  by  only  a  few 
species  in  the  northern  hemisphere,  of  which  one  occurs  in  southern 
Europe,  dates  from  the  Laramie  Cretaceous,  and  is  abundant  in  the 
Tertiaries.  In  the  Casalpiniacea  the  genus  Gleditschia^  now  con- 
fined to  North  America  and  China,  occurs  in  the  European  Miocene, 
while  CcBsalpinia  dates  from  the  Eocene.  The  Upper  Eocene  of 
Provence  has  yielded  an  extinct  type  termed  Casalpinites.  The 
widely  spread  tropical  and  subtropical  genus  Cassia  makes  its  first 
appearance  in  the  Cretaceous  of  both  hemispheres;  Bauhinia 
occurs  in  the  Miocene  of  Croatia  and  CEningen ;  and  Ceratania  and 
Copaifera  date  from  the  Eocene.  Hytiunaay  of  tropical  America, 
is  found  in  the  Cretaceous  of  France  and  New  Jersey ;  and  the  ex- 
tinct Podogonium  ranges  from  the  Laramie  Cretaceous  to  the 
CEningen  Miocene.  In  the  third  family,  or  Mimosacea^  Prosopis 
and  Inga  are  described  from  the  Eocene  of  Eubsea ;  while  Mimosa 
and  Acacia  date  from  the  Upper  Eocene  of  Provence.  In  conclu- 
sion we  have  to  mention  the  extinct  genus  Leguminosites  (fig,  141 5, 
c)y  ranging  from  the  Cretaceous  to  the  Miocene,  of  which  the  serial 
position  is  at  present  undetermined. 

Order  22.  HETEROPHVLLEiE, — With  this  order  we  come  to  the 
end  of  the  Choripetala.     In  the  Aristolochiaceay  the  type  genus 
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Aristolochia^  which  includes  climbing  plants,  usually  having  coloured 
sepals,  dates  from  the  Dakota  Cretaceous,  and  also  occurs  in  the 
European  Miocene.  The  occurrence  of  fossil  representatives  of  the 
Santalacea  is  open  to  some  doubt ;  but  remains  attributed  to  the 
genera  Leptomeria^  Osyris,  and  Santalum  have  been  described  from 
the  European  Eocene  and  Miocene.  The  alleged  occurrence  of 
fossil  representatives  of  the  Rafflesiacect  and  Balanophoracea  is  too 
doubtful  to  need  mention. 

Division  B.  SvMPETALiE. — With  this  second  primary  division  of 
the  Dicotyledons  we  reach  the  last  and  most  specialised  group  of 
plants,  characterised  by  the  union  of  the  lower  part  of  the  petals 
into  a  complete  tube.  These  plants  are  dependent  entirely,  or  to 
a  great  extent,  upon  the  aid  of  insects  for  their  fertilisation,  and  a 
large  proportion  of  them  are  in  all  probability  of  comparatively 
modem  origin.  The  group  is  frequently  termed  Gamopetalse,  and 
is  divided  into  nine  orders. 

Order  i.  Bicornes. — The  family  Ericaua  is  important  from 
the  effect  which  its  massed  foliage  produces  upon  the  landscape  of 
many  regions  of  the  globe.  Its  type  genus  Erica  (Heath),  which 
is  exclusively  Old  World,  and  very  characteristic  of  the  Cape,  ap- 
pears to  be  unknown  before  the  Upper  Miocene  of  CEningen ;  while 
Andromeda  and  Leucothea  date  from  the  Eocene.  Gaultheria  has 
likewise  been  traced  back  to  the  Eocene,  in  which  period  occur  the 
extinct  types  described  as  Andromedites  and  Arbutites^  and  also  a 
species  referred  to  the  existing  genus  Arbutus.  The  Rhododen- 
drons, which  some  writers  make  the  type  of  a  distinct  family,  are 
represented  by  species  of  the  widely-spread  genus  Rhododendron  in 
the  Eocene  and  Miocene,  and  by  Azalea  in  the  Miocene  of  Croatia 
and  elsewhere.  In  the  Vacciniacea^  the  type  genus  Vaccinium  (Cran- 
berry) is  recorded  from  the  Upper  Eocene  of  Provence  and  higher 
deposits. 

Order  2.  PRiMULiNiE. — In  this  order  the  subtropical  and  tropical 
genus  Myrsine,  the  type  of  the  family  Myrsiniacece^  is  said  to  date 
from  the  Upper  Cretaceous,  and  is  well  represented  in  the  Eocene 
of  Provence  and  the  higher  Tertiaries.  Myrsinites  is  an  extinct 
Tertiary  type ;  and  we  also  find  in  the  Tertiary  representatives  of 
Ardisia^  and  some  other  forms  of  doubtful  affinity. 

Order  3.  DiospvRiNiE. — Coriaceous  leaves,  found  in  the  Upper 
Cretaceous  of  Greenland  and  the  United  States,  and  also  in  the 
Lower  and  Middle  Tertiaries,  have  been  described  under  the  name 
of  Sapotites  as  being  allied  to  the  American  and  Australian  genus 
Sapota^  the  type  of  the  family  Sapotacect,  The  existing  American 
genus  Bumelia  occurs  in  the  Green  River  Eocene  of  that  country, 
and  also  in  the  Eocene  of  Provence  and  other  Old  World  Tertiaries. 
Achras^  which  is  likewise  now  exclusively  American,  has  been  de- 
scribed from  the  Croatian  Miocene.     In  the  Ebtnacea  the  genus 
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Diospyros  (Ebony),  now  mainly  tropical,  is  represented  by  a  few 
species  in  the  Dakota  and  Greenland  Cretaceous,  is  very  abundant 
in  the  Upper  Eocene  of  Provence,  but  has  almost  disappeared  from 
Europe  in  the  Miocene.  Finally,  in  the  Styracaceay  the  existing 
Asiatic  and  American  genus  Symplocos  dates  from  the  Lower  Eocene 
of  Europe. 

Order  4.  CoNXORXiE. — In  this  order  the  Gentianacea  (Gentians) 
are  unknown  before  the  Pleistocene.  In  the  Oieacea,  which  in- 
cludes most  of  the  European  trees  belonging  to  the  present  division. 
Oka  (Olive)  makes  its  appearance  in  the  Eocene  of  Provence; 
while  the  Australian  genus  Notelaa  is  recorded  from  the  Eocene 
and  Miocene  of  the  Continent ;  and  Fraxinus  (Ash)  occurs  as  far 
back  as  the  Laramie  Cretaceous.  In  the  Apocyanacea  we  may 
mention  Neriutn^  from  the  European  Cretaceous  and  Tertiary,  and 
Tabernamontatuty  from  the  Eocene  and  Miocene ;  together  with  the 
extinct  Echitonium^  of  the  Eocene,  and  Apocynophylium^  of  the  Cre- 
taceous and  Tertiary. 

Order  5.  TuBiFLORiE. — In  the  Convolvulaceae  the  tropical  genus 
Parana  occurs  in  the  Upper  Miocene  of  (Eningen,  and  the  some- 
what older  Tertiary  of  Croatia ;  while  plants  from  the  upper  lignites 
of  Winterhafen  have  been  referred  to  Convolvulus,  It  is  very  doubt- 
ful if  the  Asperifoliacea  are  represented  in  a  fossil  condition,  while 
the  Solanacea  (Night-shade,  Potato,  Tomato,  Tobacco,  &c.),  are 
unknown.* 

Order  6.  LABiAXiFLORiE. — The  only  family  of  this  order  of 
which  we  have  any  certain  palaeontological  record  is  that  of  the 
Bignoniacea^  in  which  we  have  representatives  of  the  existing 
American  genus  Catalpa  in  the  Laramie  Cretaceous,  and  perhaps 
in  the  European  Tertiaries.  The  occurrence  of  Bignania  in  the 
latter  is  very  doubtful. 

Order  7.  CAMPANULiNiE. — ^This  group,  containing  the  Cam- 
panulas, Gourds,  &c.,  seems  to  be  unknown  before  the  present 
epoch. 

Order  8.  RuBilNiE. — In  this  order  the  Ruinacea  are  represented 
in  the  Miocene  of  Bonn  by  the  extinct  Rubiacites ;  and  we  have 
evidence  of  the  existence  of  the  handsome  Asiatic  and  African 
genus  Gardenia  in  the  Miocene  of  CEningen  and  the  Lower  Eocene 
of  the  Soissonais.  In  the  CaprifoUacea^  the  widely-spread  genus 
Viburnum  is  represented  by  a  number  of  species  in  the  Laramie 
Cretaceous,  and  less  commonly  in  the  Tertiaries.  The  Miocene  of 
(Eningen  has  yielded  remains  of  Lonicera, 

Suborder  8.  AcGREGAXiE. — With  the  specialised  Composita  we 
come  to  the  end  of  our  brief  survey  of  the  palseontological  history 
of  the  Vegetable  Kingdom.     These  plants  are  characterised  by  the 

'  The  Eocene  Solaniies  does  not  belong  to  this  family. 
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collection  of  the  small  separate  flowers  in  a  common  receptacle,  the 
peripheral  florets  being  modified  into  strap-like  rays  surrounding 
the  fertile  flowers  of  the  disk.  All  the  fossil  forms  have  been  re- 
ferred to  extinct  genera,  and  include  Parthenites  and  Cypselites^  of 
the  Upper  Eocene  of  Provence ;  Bidentites^  from  the  Upper  Miocene 
of  (Eningen ;  HyoseriteSy  from  the  Tertiary  of  Priesen ;  Hieracites^ 
from  Provence;  and  Silphidium^  from  the  Tertiary  of  Chiavon, 
which  is  supposed  to  be  allied  to  the  existing  Silphium. 

In  this  place  it  may  be  well  to  mention  certain  flowers  from  the 
Amboy  Clays  of  New  Jersey — the  equivalents  of  the  Dakota  Creta- 
ceous— ^which  have  been  described  under  the  name  of  Palaanthus^ 
and  are  stated  to  present  resemblances  to  those  of  the  Composite, 
Dr  Newberry  observes,  however,  that  "though  these  flowers  so 
much  resemble  those  of  the  Composita^  we  are  not  yet  warranted  in 
asserting  that  such  is  certainly  their  character/'  ' 
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/   INVERTEBRATE  ANIMALS. 

FORAMINIFERA. 

Mr  E.  Wethered  has  shown  (*Geol.  Mag.,'  May  1889)  that 
forms  of  Girvanella  (see  p.  127)  occur  abundantly  in  some  of  the 
Jurassic  limestones  of  Britain.  Mr  Wethered  has  also  made  the 
interesting  observation  that  the  spheres  of  some  of  the  so-called 
"  pisolites  "  of  the  Jurassic  series  are  in  reality  formed  by  the  growth 
of  layers  of  Girvanella  round  a  central  nucleus,  and  are,  therefore, 
not  of  the  nature  of  ordinary  oolitic  grains. 

RECEPTACULITIDiE  (p.   170). 

The  remarkable  fossils  which  are  grouped  together  under  the 
name  of  Receptaculitida  have  recently  formed  the  subject  of  an 
important  investigation  by  Herr  Raufif  ('Zeitschr.  d.  Deutschen 
GeoL  Gesellschaft,'  Bd.  XL.)  The  following  are  the  principal 
general  conclusions  at  which  this  observer  has  arrived : — 

I.  The  ReceptacuHHda  are  spherical  or  pyriform  bodies,  with  a 
central  closed  cavity,  the  supposed  basin-shaped  examples  being 
only  fragments  of  the  base. 

3.  Each  of  the  individual  spicular  elements  forming  the  wall  of 
the  body  is  composed  of  six  parts — ^viz.,  an  external  plate  of  an 
essentially  rhombic  form,  four  diagonally  intersecting  tangential 
arms  which  lie  immediately  below  the  outer  plate,  and  a  radial  arm 
or  pillar  which  springs  from  the  centre  of  the  outer  plate  on  its  inner 
side,  and  is  directed  perpendicularly  inwards. 

3.  An  upper  and  lower  pole  may  be  distinguished  on  the  exterior 
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surface,  the  arrangement  of  the  plates  at  these  points  being  peculiar. 
The  basal  pole  (the  starting-point  of  growth)  is  constituted  by  a 
circle  of  eight  (or  four)  plates.  The  apical  pole  is  closed  by  a 
variable,  but  always  large,  number  of  plates. 

4.  Each  of  the  five  arms  of  the  skeletal  elements  or  spicules  is 
traversed  by  an  axial  canal,  the  canals  of  the  four  tangential  arms 
having  a  conspicuously  fusiform  shape. 

5.  The  radial  arms  or  pillars  terminate  on  the  inner  or  "  gastral " 
side  in  a  conical  dilatation,  which  is  laterally  extended  till  adjoining 
pillars  touch.  This  internal  thickening  of  the  radial  pillars  is  not 
furnished  with  a  special  plate,  corresponding  with  the  external  plate, 
and  is  not  penetrated  by  transverse  canals. 

6.  The  inner  or  "  gastral "  wall  of  the  fossil  is  imperforate,  the 
pores  described  by  Billings  being  the  result  of  fossilisation. 

7.  The  genus  Ischadites  agrees  essentially  with  Recepiaculites  in 
structure,  but  its  skeletal  elements  are  more  slender.  An  apical 
aperture  is  in  some  cases  clearly  wanting  in  Ischadites^  and  probably 
did  not  exist  at  all. 

8.  The  genus  Acanthochonia  is  identical  with  IschadiUs. 

9.  The  geological  range  of  Ischadites  extends  to  the  Upper 
Devonian. 

10.  The  genus  Polygotiosphcerites  {Sphcerospongia)  is  similarly 
constructed  to  ReceptcuMlites  as  regards  the  tangential  arms  of  the 
spicules,  but  the  radial  arms  or  pillars  are  wanting. 

1 1.  The  ReceptaculitidcB  are  not  siliceous  organisms,  but  the  skele- 
ton was  originally  calcareous^  and  the  siliceous  examples  are  the  re- 
sult of  silicification.  The  group,  therefore,  cannot  be  referred  to 
the  Hexactinellid  Sponges,  and  its  systematic  position  is  still  entirely 
uncertain. 

Mastopora  and  Cyclocrinus  (p.  186). 

In  the  memoir  just  referred  to,  Herr  Rauff  expresses  the  opinion 
that  the  genera  Mastopora  {Nidulites)  and  Cyclocrinus  have  no  rela- 
tionships with  the  Receptaculitidce^  but  that  they  appear  to  be  related 
to  the  Polyzoa, 

Calcispongle  (p.  178). 

Some  interesting  discoveries  as  to  the  occurrence  of  Mesozoic 
Sponges  have  recently  been  made  by  Dr  George  J.  Hinde,  who  has 
been  good  enough  to  furnish  the  following  note  of  his  investigations 
on  this  point :  "  In  the  Middle  Lias  of  Northamptonshire  (zone  of 
Ammonites  spinatus)  some  very  minute  Calcisponges  have  been 
lately  discovered,  with  the  same  delicate  structural  characters  as  in 
the  existing  family  of  the  Leucones^  Haeckel,  and  they  have  even 
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been  placed  in  the  recent  genus  Leucandra^  Haeckel.  The  largest  of 
these  fossil  sponges  is  under  4  mm.,  or  about  one-sixth  of  an  inch  in 
height,  and  the  spicules  in  their  walls  are  as  perfect  as  in  recent 
specimens.  A  remarkable  assemblage  of  small  Calcisponges  has 
also  been  discovered  by  Mr  Walford  in  the  Inferior  Oolite  (zone  of 
Ammonites  Farkinsoni)  of  Dorset.  In  their  diminutive  proportions 
they  resemble  living  Calcisponges,  but  they  all  possess  a  structure  of 
solid  fibres,  characteristic  of  Pharetrones,  They  mostly  belong  to 
the  genera  Eudea,  Peronella^  BlastirUa^  and  to  a  new  genus  not  yet 
described.  Calcisponges  of  larger  dimensions,  belonging  to  Peron- 
ella  and  Lymnarea^  are  also  abundant  in  the  Inferior  Oolite  of 
Cheltenham.  Certain  zones  of  the  Great  Oolite  in  the  neighbour- 
hood of  Bath  are  very  rich  in  Calcisponges,  principally  of  the  genus 
Peronella.  Higher  up  in  the  Oolitic  series  there  is  a  well-marked 
zone  of  Calcisponges  in  the  Lower  Coral  Rag  of  Yorkshire.  They 
have  mostly  been  hitherto  placed  in  Stellispongia ;  species  of  Per- 
onelia  and  Blastinia  are  also  present" 

Strom ATOPOROiDEA  (p.  229). 

Since  the  earlier  portion  of  the  present  work  was  written,  the 
author  has  had  the  opportunity  of  studying  the  fasciculus  of  Dr 
Waagen's  Monograph  on  the  "Salt  Range  Fossils,"  which  deals 
with  the  Hydrozoa  (*  Palseontologia  Indica,'  Ser.  XIL,  No.  7,  1877). 
The  most  important  point  brought  out  in  this  memoir  is,  that  the 
"Productus  Limestone"  of  the  Salt  Range  of  India,  the  age  of 
which  is  Permo-Carboniferous,  contains  various  Hydrozoa  which 
are  more  or  less  closely  related  to  Stromatofpora  proper.  For  these 
the  new  genera  Disjectopora^  Circopora^  Carterina,  and  Irregulato- 
pora  are  proposed ;  but  it  would  be  impossible  to  make  the  struc- 
ture of  these  intelligible  without  illustrations.  It  may,  however,  be 
considered  as  proved  that  the  geological  range  of  the  Stromato- 
poroids,  as  a  group,  has  by  these  researches  been  extended  into  the 
beginning  of  the  Permian  period ;  the  latest  undoubted  types  of  the 
group  previously  known  being  Upper  Devonian. 

Dr  Waagen,  further,  deals  at  some  length  with  the  general  struc- 
ture and  zoological  affinities  of  the  Stromatoporoids.  He  divides 
them  into  two  families,  and  refers  them  to  the  Hydrocorallina,  It 
is  unnecessary,  however,  to  discuss  Dr  Waagen's  views  on  these 
subjects  here ;  since  the  conclusions  which  he  has  reached  would 
probably  have  been  more  or  less  modified  had  he  been  acquainted 
with  the  previously  published  "  Monograph  on  the  British  Stromato- 
poroids" (Palaeontographical  Society,  1885)  by  the  present  writer, 
in  the  general  introduction  to  which  the  same  questions  have  been 
dealt  with  in  considerable  detail. 
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Classification  of  the  Crinoidea  (p.  445). 

Dr  P.  Herbert  Carpenter  has  kindly  supplied  the  author  with 
the  following  note  as  to  the  classiiication  of  the  Crinoids  proposed 
by  Neumayr  in  his  recently  pubhshed  important  work  '*  Die  Stamme 
des  Thierreichs":  "The  new  classification  of  the  Crinoidea  pro- 
posed by  Neumayr  is  primarily  based  upon  the  condition  of  the 
mouth  and  ambulacra.  These  are  either  subtegminal  (Hypasoh 
crina)  or  free  and  exposed  upon  the  ventral  surface  {Epascocrina), 
The  first-named  group  includes  all  the  Palaeocrinoids,  except  Cya- 
thacrinus  and  its  allies  (Families  1 2-20),  which  have  been  already 
distinguished  as  Fistulata  by  Wachsmuth  and  Springer.  It  has 
also  been  shown  by  these  authors  that  some  of  the  Ichtkyocrinida^ 
at  any  rate,  had  an  exposed  mouth  and  open  ambulacra  (see  p. 
431);  so  that  this  family  can  find  no  place  in  ihQ  Hypascocrina, 
Except,  too,  for  having  a  subtegminal  mouth,  the  Hqpiacrimda  and 
their  allies  {Larvifarmia)  seem  to  be  more  closely  aUied  to  the  Jnstu- 
lata  than  to  the  other  Palaeocrinoids  {Cameratay^ 

The  general  relations  of  Neumayr's  classification  to  that  proposed 
by  Wachsmuth  and  Springer  may  be  seen  in  the  following  table : — 


Neumayr. 


Wachsmuth  and  Spkingeb. 


4 


u 


Sphaeroidocrinacea 

Haplocrinacea 

(CrotalocrinidaEv 
Ichthyocrinid 
Uintacrinidacv 


Cyathocrinao 
Pentacrinacea 


Cameiata 
Reticulata 


V  Coadunata. 
Larviformia') 


Fistulata 


I 


Inadunata. 


Impinnata 
Pinnata 


-  Articulata. 


Cystoidea  (p.  447). 

An  important  posthumous  work  by  M.  Joachim  Barrande  on  the 
Cystideans  of  Bohemia  has  recently  been  published,  and  Dr  P. 
Herbert  Carpenter  has  been  good  enough  to  furnish  the  author 
with  the  following  note  as  to  its  contents  : — 

"  This  elaborate  work  contains  descriptions  of  a  large  number 
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of  new  Cystideans  from  the  Lower  Palaeozoic  rocks  of  Bohemia. 
Some  valuable  morphological  observations  are  also  recorded  therein; 
but  most  of  them  refer  to  questions  of  too  complex  a  nature  for 
discussion  here.  One  point,  however,  must  be  noticed.  In  the 
new  genus  Aristocystites  and  in  some  half-dozen  others  Barrande 
describes  the  calcareous  plates  of  the  test  as  covered  by  a  smooth 
*  external  epidermis '  which  completely  closes  the  openings  of  the 
pore-canals  that  penetrate  the  substance  of  the  plates.  This  epider- 
mis is  very  thin,  not  more  than  xJrr  P^^t  of  an  inch  in  Proteocystites^ 
and  is  therefore  but  rarely  preserved  to  any  great  extent.  The 
pores  are  sometimes  isolated  (haplopores),  or  a  pair  may  be  linked 
by  a  horse-shoe-shaped  groove,  or  open  together  in  a  small  oval 
depression,  the  *  oscule,'  the  whole  structure  being  commonly  known 
as  a  *  diplopore.'  It  was  the  resemblance  of  these  diplopores  to 
the  groups  of  twin  ambulacral  pores  in  the  Ordovician  Sea- Urchin 
Botkriocidaris^  which  led  Lov^n  to  point  out  that  the  old  theory 
of  the  connection  of  the  diplopores  of  the  Cystideans  with  the 
ambulacral  system  might  after  all  be  correct.  This  view,  however, 
will  have  to  be  abandoned  altogether  if  the  pores  really  are  closed  by 
the  external  epidermis  in  the  manner  described  by  Barrande.  But 
there  is  some  doubt  as  to  whether  the  appearances  described  by 
him  may  not  be  capable  of  a  different  interpretation,  more  especially 
as  he  suggests  in  one  place  that  the  pores  may  have  been  connected 
with  tube-feet  like  those  of  the  Urchins,  while  in  another  he  notices 
their  similarity  to  the  respiratory  pores  of  the  Asterids  which  give 
passage  to  the  gills  or  papulae.  But  neither  of  these  explanations 
could  be  possible  if  the  pores  really  are  closed  as  he  describes. 

"Neumayr,  believing  Miiller's  classification  of  the  Cystidea  ac- 
cording to  the  characters  of  their  pores  to  be  no  longer  a  practica- 
ble one,  has  recently  proposed  the  following  scheme,  which  may  be 
adopted  until  a  fuller  morphological  knowledge  of  the  group  has 
provided  us  with  the  materials  for  a  better  one. 

"  I.  Order  SpiLERONiTiDiE. — Test  composed  of  numerous  irregu- 
larly disposed  plates,  which  may  be  aporous  or  bear  haplopores  or 
diplopores,  but  never  rhombs.  Five  ambulacra,  sometimes  termi- 
nating in  feebly  developed  arms.  Generally  sessile,  but  sometimes 
free  or  stalked. 

^^  Family  i.  Spharonitina. — Ambulacra  superficial  and  branching. 
Spharonites,  Glyptospharttes,  Eucystis^  Proteocystites^  Protocrtnus, 

^^ Family  2.  Aristocystina.  Ambulacra  subtegminal  and  branch- 
ing.    Aristocystites^  Pyrocystites^  Craterina, 

^^  Family  3.  Mesitina,  Ambulacra  superficial  and  simple.  Mesites^ 
Agelacrinus^  Edrioaster^  Cytaster^  Hemicystites, 

"  II.  Order  EcHiNOSPHiERiTiDiE. — Test  composed  of  numerous 
rhombiferous  plates ;  often  with  only  three  ambulacra,  and  slightly 
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developed  arms.  Sessile  or  stalked.  Echinospharites^  Dendra- 
cystites^  Caryocystites^  ArachnocystiUs, 

"  III.  Order  PLEUROCvsTiD-fi. — ^Test  shortly  stalked  and  asym- 
metrical, the  plates  of  the  two  sides  being  differently  arranged 
except  in  the  oldest  genera  {Trochocystites),  Arms  few  and  small 
PUurocystiteSy  Atekocystites^  Balanocystites^  Mitrocystites, 

"  The  above  scheme  takes  no  account  of  such  types  as  Caryocri- 
nuSf  Forocrinus^  Echinoencrinus^  Lepadocrinus^  Callocystites^  and  sev- 
eral other  forms  in  which  the  plates  of  the  test  are  few  in  number, 
with  a  more  or  less  regular  arrangement  as  in  the  Crinoids ;  while  in 
Cystoblastus  and  Asteroblastus  there  is  a  calyx  very  similar  to  that 
of  the  Blastoidea.  Most  of  these  genera  have  hydrospires,  either 
generally  distributed  on  the  calyx  plates  {Caryocrinus\  or  limited 
to  a  few  of  them  as  in  Echinoencrinusy  while  Asteroblastus  has 
diplopores. 

"As  at  present  constituted  the  class  of  the  Cystidea  is  an  extremely 
heterogeneous  one,  and  much  further  investigation  will  be  necessary 
before  anything  like  a  natural  classification  of  the  group  becomes 
at  all  possible." 

Bactrites  (p.  846). 

According  to  the  observations  of  Branco  (*  2^itschr.  d.  Deutschen 
Geol.  Gesellschaft,'  Bd.  XXXVII.,  1885),  the  initial  chamber  of 
the  shell  of  Bactrites  is  an  ovoid  and  dilated  sac,  similar  to  that  of 
the  shell  of  the  Ammonoids  and  of  Spirula,  The  genus  Bactrites 
must  therefore  be  removed  to  the  Ammonoidea,  According  to  the 
views  of  Branco,  the  genus  should  be  ranked  with  the  Goniatitidcs^ 
the  particular  group  of  these  to  which  it  is  referable  occupying  an 
intermediate  position,  as  regards  the  form  of  the  initial  chamber, 
between  the  Ammonitida  and  the  BeUmnitidce, 


11.   VERTEBRATA. 

Pisces. 

Chimeroidei. — As  is  mentioned  in  the  Addenda,  Mr  Smith 
Woodward  has  recently  made  the  genus  Myriacanthus  (p.  951)  the 
type  of  the  family  Myricuanthidce^  which  is  defined  as  follows: 
Body  elongated ;  anterior  dorsal  fin  placed  above  the  pectoral,  and 
furnished  with  a  long,  straight  spine.  Teeth  forming  two  or  three 
pairs  of  thin  dental  plates  in  the  upper  jaw,  the  hinder  pair  alter- 
nated and  not  closely  approximated  in  the  middle  line ;  lower  teeth 
consisting  of  a  pair  of  large  dental  plates  meeting  at  the  symphysis, 
and  a  median  incisor-like  tooth  in  front  A  few  dermal  plates  on 
the  head ;  and  a  long  prehensile  spine  upon  the  muzzle  of  the  male. 
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IncertcR  sedis, — Remains  of  a  fish  from  the  Oxford  Clay  of  Peter- 
borough have  been  described  as  Leedsichthys^  which  apparently 
indicates  the  largest  Jurassic  representative  of  the  class,  although  its 
serial  position  cannot  yet  be  determined.  A  bone  which  is  regarded 
as  the  frontal  has  a  length  of  24  inches,  while  the  squamous  hyo- 
mandibular  is  at  least  15  inches  long.  The  most  remarkable  fea- 
tures of  this  fish  are,  however,  shown  in  the  pectoral  fin-rays,  which 
sometimes  attain  a  length  of  5  feet,  and  frequently  branch  in  a 
forked  manner,  but  are  not  jointed.  Each  ray  consists  of  fibrous 
bone,  and  appears  to  be  composed  of  a  number  of  long  and  taper- 
ing splints  which  are  incompletely  fused  together,  and  the  two 
halves  of  the  ray  remain  separate. 

Reptilia. 

Anomodontia. — The  author's  recent  study  of  the  Anomodont 
remains  in  the  British  Museum  has  enabled  him  to  make  some 
amendments  on  the  characters  of  the  families  and  genera  given  in 
the  text. 

In  Tapinocephalus  (pp.  1057-58)  the  dentition,  although  it  may 
have  been  of  a  carnivorous  type,  was  not  differentiated  into  incisives, 
tusks,  and  cheek-teeth ;  and  it  is  highly  probable  that  there  were  no 
secondary  nares.  It  does  not  appear  by  any  means  certain  that  the 
one  tooth  on  which  the  genus  Glaridodon  (p.  1061)  is  founded, 
is  really  distinct  from  Titanosuckus  (p.  1058). 

In  the  GalesauridcR  (pp.  1058-59)  the  single  narial  aperture  of  the 
type  specimen  of  jElurosaurus  is  due  to  imperfection ;  and  it  is 
probable  that  the  same  is  the  case  with  Cynodraco^  Cynochampsa^ 
and  Cynosuchus?  The  latter  has  7  or  8  cheek-teeth,  with  a  poste- 
rior basal  cusp,  but  the  incisive  and  cheek-teeth  appear  to  have  no 
serrations  on  the  posterior  edge.     Cynochampsa  was  probably  allied, 

having  ^  incisive  teeth  as  in  Cynosuchus.     In  Cynodraco  and  the 
3 

type  oi  jElurosaurus  there  are!  incisive  teeth  ;  and  the  crowns  of 

4 
the  incisive  and  cheek-teeth  have  serrated  posterior  edges ;  and  it  has 
yet  to  be  proved  that  ^lurosaurus  is  generically  distinct  from  Cyno- 
draco. In  Tigrisuchus  there  are  three  pairs  of  upper  incisive  teeth. 
Gorgonops  (p.  1059)  differs  from  the  Galesaurida  in  having  the 
temporal  fossae  roofed  over,  and  apparently  in  the  absence  of  second- 

^  The  practice  of  making  such  barbarous  compounds  as  Leedsichthys^  Owenia- 
suchus  (^1191),  and  Wardickthys  (p.  979),  is  much  to  be  deprecated.  If  a  change 
be  permissible,  the  terms  Leedsia  and  Wardia  may  be  suggested  in  place  of  the 
first  and  third  of  these  uncouth  names. 

'  By  an  error  (see  Corrigenda)  these  three  genera  are  stated  to  have  double 
nares,  while  in  Tigrisuchus  the  nares  are  said  to  be  single. 
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ary  posterior  nares.  Roofed  temporal  fossae  also  occur  in  the  Amer- 
ican genus  Chilonyx  (p.  1060);  so  that  both  of  these  forms  ap- 
proximate in  this  respect  to  the  Pariasauria,  although  distinguished 
from  the  typical  representatives  of  that  group  by  the  absence  of 
sculpture  on  the  cranial  bones.  Gorgonops  may  be  regarded  as  the 
type  of  the  family  Gorgonopida^  with  an  uncertain  serial  position. 

The  genus  Embolophorus  (p.  1060)  is  the  only  one  in  which  the 
articulation  of  the  capitula  of  the  ribs  to  the  intercentra  has  yet 
been  observed. 

It  appears  that  there  is  no  justification  for  Eichwald's  reference 
of  the  tooth  represented  in  fig.  983  (p.  1062)  to  Deuterosaurus 
rather  than  to  Brithopus ;  the  former  genus  having  been  founded 
upon  part  of  the  vertebral  column  of  a  smaller  reptile  than  the  one 
to  which  the  humerus  of  Brithopus  belonged. 

The  vertebrae  of  the  DiadecHcUz  (p.  1061)  are  distinguished  by 
the  presence  of  zygosphenal  (hyposphenal)  articulations ;  while  the 
skull  has  no  secondary  posterior  nares.  Empedias  differs  from 
Diadectes  by  the  absence  of  a  tusk ;  yrhile  Helodectes  is  distinguished 
fi:om  both  by  the  double  row  of  cheek-teeth. 

Sauropterygia. — It  is  stated  on  page  1077  that  the  genus 
Cimoliosaurus  has  no  trace  of  an  interclavicle ;  it  has,  however,  been 
subsequently  suggested  that  certain  splint-like  bones  found  with 
some  skeletons  of  the  Oxfordian  representatives  of  this  genus  are 
really  the  last  remnants  of  the  interclavicle  and  clavicles ;  the  inter- 
clavicle probably  fitting  into  the  notch  shown  between  the  ventral 
plates  of  the  scapulae  in  fig.  988  (p.  1069). 

Chelonia. — In  a  recent  paper  Dr  Baur  states  that  in  the  skull 
of  Protostega  (p.  1089)  the  parietals  were  connected  by  vertical 
plates  with  the  pterygoids,  and  he  accordingly  regards  the  Pro- 
tostegida  as  less  specialised  than  the  Dermochdyidct.  If  this  refer- 
ence be  correct  there  will  be  evidence  of  a  nearer  affinity  between 
the  Athecata  and  Testudinata  than  has  hitherto  been  supposed. 

The  same  writer  also  doubts  the  Chelonian  nature  of  the  proble- 
matical Psephoderma  (p.  1089),  and  suggests  that  it  maybe  founded 
upon  the  dermal  armour  of  Nothosaurus,  This  argument  is  sup- 
ported by  the  absence  of  Chelonian  bones  in  the  Lettenkohle  (Lower 
Keuper),  where  Psephoderma  is  not  uncommon ;  but  the  absence  of 
a  dermal  armour  in  the  Lariosaurida^  so  far  as  it  goes,  is  against 
this  view. 

In  the  Testudinida  the  genus  Palcsochelys  (p.  11 08),  as  is  well 
shown  by  a  specimen  from  the  Pliocene  of  Italy  recently  described 
as  Emys  Portisi^  has  some  of  the  neural  bones  tetragonal  and  others 
octagonal,  and  is  thereby  more  nearly  allied  to  Ntcoria  and  the  land 
tortoises  than  to  Ocadia.  The  so-called  Emys  crassa^  of  the  Upper 
Eocene  of  Hampshire,  is,  therefore,  referable  to  Ocadia, 
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Abyssal  clay,  74. 
Acantkaria,  145,  146,  147. 
AcantMerpesteSt  584. 
Acanthoceras,  867,  868. 
Acanthochonia^  173,  1564. 
Acantkoeladia.  638. 
AcanthocladidtBt  637. 
Acantkomeira^  146. 
Acanthorafhis,  163. 
AcoMthoUlsont  561. 
Acanthoieuthis,  881. 
Acarida,  575. 
-4rtfj/a,  499. 
AceniotrewuteSt  464. 
Acervularia,  969,  373,  a86,  287. 
Ackatinat  812. 
Achistrum^  406,  407. 
Acicula,  786. 
Aciculiday  786. 
Acidaspida,  54a 
Addaspis,  539,  540. 
Acmaa,  763. 
Aoorn-shells,  496,  497. 
Acrasfeda^  306. 
Acriaida^  597. 
AcrocidariSf  383. 
Acrocuiiat  764. 
AcrvmUniat  38a 
AcrothdUf  653. 
Acrotreta^  651,  653, 
Acroura^  403. 
AcUeon^  801. 
AcUameUa,  801. 
Actaonida,  800. 
Actaonina,  801. 
Actimacis,  310. 
AcHniaria^  361,  363. 
AcHnida,  361. 
Actinoceras,  839,  840. 
AcHnocertUidtg,  839. 
AcHnpcrinida,  435. 


Actinocrinus,  436. 
ActinocystiSt  386. 
AcHnodoftta^  717. 
Actinometra^  413,  443. 
Actifiommat  149. 
Actinostoma,  626. 
AcHnostroma,  333,  333. 
AcHnoxoa,  340. 
Adacna^  738. 
Adelarthrosomata^  577. 
AdelphoceraSf  844. 
Adesmacea,  744. 
ABcJkmina,  508. 
^^r,  563. 
y£ginida,  306. 

^^■'«.  559. 
yEglina,  536,  537. 
yEglinida^  537. 
AZgoceraSf  864. 
y£goc€ratid€B,  864. 
AgaricocrinuSf  436. 
AgassiMocrinuSt  436,  437. 
AgelacrintdcBt  453. 
Ageiacrinus,  453,  453. 
Agnostida^  545. 
Agnosius,  545. 
A  lariat  789. 
Alcyonacea^  336. 
AkyonaHa^  356,  334. 
Alcyonida^  336,  337. 
Alcyonium,  yi6. 
AlectOt  616. 
Alectryonia,  695,  696. 
AllagecrinuSt  432. 
Allionia,  443. 
Allomorphina,  131. 
Allopora^  335,  336,  337. 
Allorisma^  749,  75a 
Alveolaria,  630. 
Alveolina^  136. 
Alveolites,  315,  316, 
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Alveopora^  311. 
AmaUheida,  86a. 
Amalikeus,  863. 
AputuropsiSt  779. 
AmJberleya,  776. 
Ambonychia,  708. 
Ametabolic  Insects,  59a. 
Amnumites,  855,  856,  864. 
Ammonoidea,  833,  848. 
AvuBbea^  xia 
Amphidetus,  39a 
Amphigeniaj  67a. 
AmpAMe/ia,  267. 
Amphion,  536,  537. 
Amphifoda,  ^56,  557. 
Amphtfora,  a^6, 
Amphuponpay  176,  177. 
Amphistegina,  134. 
Amphoracrinvs,  426. 
AmpUxopora,  356. 
Amplexus,  395. 
Ampullariat  780. 
Ampuilina,  779. 

'^»^*.  544.  545- 

Anadacia,  304,  305. 

Anabacida,  304. 

Ananchytes,  389. 

AnanchyiidtB,  389. 

Anaptychtis,  851. 

Anarthropoda,  468,  469. 

Anasiropkia,  67a. 

Anatifa,  50a. 

Anattfopsis,  501. 

Anahna,  749. 

Anatinacea,  748. 

Anaiinida,  748. 

Anaulocidaris,  375,  377. 

Anciliaria,  798. 

Ancyloceras,  869,  870. 

Ancylus,  814. 

Angelina,  531,  533. 

Anptillula,  469. 

Animal  Kingdom,  classification  of,  85, 

87. 
Anisocardia,  736. 
Anisophyllum,  396. 
Annelida,  470. 
Annulosa,  468. 
Anodon,  731. 
Anodonta,  731. 
Anodontopsis,  734. 
Anamalocrinida,  434. 
Anomalocrinus,  434. 
Anomalocystitcs,  453. 
Anomia,  697. 
Anomiida,  697. 
Anomocladina ,  165. 
Anomura,  563,  565. 
Anoploiheca,  664. 
Anoplura,  593. 
Anapolenus,  539. 
AnUdon,  409,  4x0,  41  z.  443. 
Anthocrinus,  431. 
Anthracitic  Shales,  35. 
Anthracomarti,  575. 
Anthracomarius,  576. 


AnlAracomya,  751. 

Anthracoptera,  7x1. 

Anthracoscorpii,  579 

Arithracosia,  733. 

AnthrapaUtmon,  563. 

Antipatharia,  361,  363. 

AnHpatkida,  344,  361,  363. 

Ant-lions,  598. 

Ants,  600. 

Aphanaia,  706. 

Aphaniptera,  599. 

-^M,  596- 

Aphragmites,  843. 

Aphrocallistcs,  176. 

Apiocrinida,  440. 

Apiocrinus,  440. 

Apiocystites,  456. 

Aplysia,  803. 

AplysiadcB,  803. 

Aporosa,  364,  365. 

Aporrkaida,  789. 

Aporrhais,  789. 

Apterous  Insects,  593. 

AptychopHs,  515. 

Aptychus,  8sx,  853. 

^»j,  510. 

-<<t?y'«,  655. 

Aqueous  rocks,  11. 

Arabellites,  480. 

AracAnida,  573. 

AracAnopAyllum,  386,  387. 

Araopoma,  399,  301. 

ArcBOpara,  309,  3x1. 

Aragonite,  in  calcareous  ozganisms,  35, 

36. 
Araneida,  58a 
/f  fva,  713. 
Arcacea,  713. 
Arcestcs,  856. 
Arcestida,  855,  856. 
Archadiscus,  135. 
ArchaocidariSt  376,  377. 
ArchtBocyathina,  183,  185,  186. 
Archaocyathus,  183,  184. 
Archaolepas,  503. 
Arckaontscus,  559. 
Archaoscyfhia,  166. 
Arch<Bospk<Brina,  143. 
Archaozonites,  8x3. 
ArvAanodonla,  731. 
ArcAidesmus,  584. 
Archimedes,  636,  637. 
Archimedopora,  636. 
Arehimylacris,  593. 
Archifolypoda,  583,  583. 
ArcAtiarSus,  576. 
Archiulida,  584. 
Archiulus,  584,  585. 
Arcida,  713. 
ylncvM^a,  748. 
Aramtyida,  748. 
ArcturuSf  558. 
-.4/Wtf,  537. 
Arenicoliies,  481,  48a. 
Aretkusina,  54a. 
Argiope,  trjt. 
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Argio^ida,  675. 

Argtmauta,  881. 

Aneiites,  848.  864. 

ArionelluSt  531. 

AristoMOi,  514,  515. 

Anmadillo,  559. 

ArUmia^  51a 

Artemis,  737. 

Artkrofycosa,  576. 

ArtkropUura,  559. 

Artkropoda,  468.  491. 

Arthropomata,  655. 

Ariiculata    {Brachiopoda),   655;    (Cnn- 

<«^tf).  4a3»  424.  438,  446. 
AsapMda,  533. 

Asaphus,  sao.  521.  533.  533,  534.  535. 
Ascetta,  179. 
Ascoceras,  841,  842,  843. 
Ascoceratida,  841. 
Ascodidytm,  613. 
Asanus,  179. 
Asipbonate    LameUibranchs,    691,    693, 

693- 
Aspergillum,  753. 
Aspiaocaris,  516. 
Aspidoceras,  868. 
Aspidosoma,  397. 
Aspidura,  403,  404. 
Assiminea,  781. 
Asiacus,  565. 
Astarie,  734,  735. 
Astartelia,  735. 
Astartida,  734. 
AsteracHnella,  177,  178. 
Asterias,  391,  397,  398,  399. 
AsUroidea,  391. 
AstkenosowuLt  38a 
Astraida,  369-374. 
Astraopora,  310. 
Astraospongia,  177. 
Astralium,  77S* 
Astraitgia,  370. 
Asirocrinidis,  464. 
Astrocrinus,  464. 
AstrognUum,  397,  398. 
Asirtndes,  341,  343. 
Astromma,  149. 
Astropecten,  393,  397,  398. 
AstrophytoHt  403. 
Aitrorhiaa,  136. 
Asirvrkinda,  Z36. 
Astylocrinida,  4pS. 
Asfylocrinus,  436,  437. 
Asiylosfongia,  165,  166,  167. 
AteUcrinus,  443. 
AtekocystiteSt  453. 
y4i!*r^.  666. 
Atlanta,  803. 
Atlantida,  803,  803. 
AtractUes,  878. 
Atractoulla,  163. 
Atrypa,  668,  669. 
AtrypUUg,  668. 
Aturia,  846. 
Avcella,  706. 
Aulaccciras,  877. 


Aulocopium,  165. 
Aulopkyllum,  39a. 
Aulopora,  355,  343. 
Auloporida,  343,  343. 
Auhsteges,  657. 
Auricula,  813. 
Auriculida,  813. 
Atncu/a,  703. 
Aviculida,  70a. 
Aviculopecten,  701,  703. 
Aviculopinna,  709,  710. 
Axindta,  163,  163. 
Axinus,  730,  747. 
AxopAyllum,  393. 
Axopora,  335. 

Bactrites,  846,  1568. 
Bactritida,  846. 
Bactropus,  5x4. 
Bactrynium,  678. 
Baculita,  859,  861,  86a. 
Baerocrinus,  434. 
Bairdia,  509. 
BaknoelliUf  705. 
Balanid€B,  497,  499. 
Balanophyllia,  308. 
Balanus,  498,  499. 
Barbados  earth.  33,  148. 
Barnacles,  500. 
BarrandeocrinidtB,  437. 
Barrandeocrinus,  437. 
Barycrinus,  435. 
Baryhelia,  367. 
Baryphyllum,  396. 
Baswpsis,  597. 
Basommatophora,  813. 
Bathmoceras,  847. 
Bathycrinus,  441. 
Batkyurellus,  533. 
Batkyurus,  533. 
Batocrinus,  436. 
Battersbyia,  369,  371. 
Beatricea,  333,  334. 
Beekite,  7. 
BeUmnitella,  877. 
Belemnites,  875,  876,  877. 
BeUmnitida,  874,  875. 
BelemnocrinidiB,  434. 
BeUmnocrinus,  434. 
Belemnosis,  878. 
Belemnateuthida,  878. 
BeUmnoteuthis,  879. 
Belinums,  548,  5j;a 
BelUrophina,  769. 
Bellerophon,  768,  769. 
Bellerophontida,  768. 
Beloptera,  878. 
Belosepin,  880. 
Beloteuthis,  880. 
Berenicea,  618. 
Bejfrichia,  506,  507. 
Btdiastopora,  617,  618. 

Btfrontta,  77X 
Btgaurina,  130. 
Buoculina,  134. 
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Bimeria,  196,  197. 
Bithyniat  78a 
Bittium,  780. 
Bivalve  Molluscs,  683. 
Blastoidea,  457. 
Bohemillat  533. 
BohemiUida,  532. 
Bolboforites,  364,  393. 
Boliaium,  167. 
Bopyrida,  558. 
Bothriocidaridat  374. 
Botkriocidaris,  373,  374,  375. 
Bothroconis,  173. 
Bouchardia^  675. 
Bourgueticrinida,  441. 
Bourgueticrinus^  441. 
Brackiopoda^  640. 
Brachymetopus^  543. 
Brackypyge,  566. 
Brachytrema,  793. 
Brachyura,  56a,  566. 
Branchiogastropoda^  760. 
Branchifodites,  513. 
Branchtfus,  513. 
BrancAtpttsiUs,  513. 
Brepferia,  594. 
Brtareum,  337. 
Briarocrinus,  437. 
Brisinga,  397. 
BrissopsiSt  39a 
Brissus,  390. 
BronteidtB,  540. 
BrotUeus,  540. 
BryoMoat  604. 
Bucania,  769. 
Buccinida,  793. 
Buccinum,  793. 
Buchiceras,  863. 
Bulimina,  Z3a 
Bulimu/us,  813. 
Bulimus,  8x3. 
^«//^,  801. 
Bullida,  801. 
Bupuuttis,  530,  536. 
Bunodei,  549. 
Buprestida,  600. 
Burrows  of  Annelides,  481. 
Buthograpius,  305. 
Buthus,  574. 
Byssocardium,  738. 

Caddis-flies.  598. 
Cadulus,  8aa 
Ciecida^  783. 
CtBcum,  783. 
Calamopora,  313. 
Calaposcia,  306,  317. 
Calathiumt  166. 
Calcareous  rocks,  15. 
Calcareous  Sponges,  178. 
Calcarina,  116,  117,  133,  134. 
Caiceocrinid(E,  437. 
Cakeocrinus,  437. 
CaUeola,  301. 
CaUeolida,  399. 
Cakisphitra,  147. 


INDEX. 


CakisponguB^  178,  1564. 

Calcite,  in  calcareous  organisms,  35,  36. 

CaliiatMssat  565. 

CallicrinuSt  430. 

Callizoit  514- 

CallocysHtes,  449.  457. 

Callodutyon^  176. 

Callodictyonida^  176. 

Calkgraptus,  305. 

Callontmat  783. 

CaUopora,  347,  348,  351,  357.  359. 

Calostylts,  306,  307,  308. 

Calycotoa,  306. 

Calvmene,  519.  533. 

CalvmenideBt  533. 

Calyptocrinidee,  439. 

Calyptma^  764. 

CalyptraicUtt  764. 

Camarella,  ffj\. 

Camarophoria^  671. 

Camerospongia^  175,  176. 

Campanularida^  303. 

Campophyllum,  388,  389. 

CampylocefhaluSt  555. 

CancelkLTta^  798. 

Cancellariida,  798. 

Cancer,  567. 

Candona,  507,  509. 

Cannapora,  330,  331. 

Caprina^  733. 

CaprineUa^  732. 

CaprinuUit  732. 

Caprotina,  7^1. 

Capulida,  7^. 

Capulus^  764. 

Carabida,  60a 

Carabocrinus,  435. 

Carbon  and  carbonaceous  deposits,  34. 

Carbonarcat  7x3. 

Cardonicokit  733. 

Cardiacea,  736. 

Cardiaster,  389. 

Cardiida,  737. 

Cardinia,  731,  733. 

CardiniidiE,  721. 

Cardiocaris,  85X 

Cardiola,  714/ 

Cardiomorpka,  750. 

Cardita,  733. 

Carditida,  723. 

Cardium,  727,  738. 

Caridid4B,  563. 

Carinaria,  803,  803. 

Carinopora,  635. 

Carman,  543. 

Carpacrintu,  427. 

Carterella,  165. 

CaryocariSt  514. 

Caryocrinus,  455,  456. 

CaryocystiUs,  454. 

CaryophyUia,  346,  247,  248,  365,  266. 

Ccusianella,  704,  705. 

Cassidaria^  igi2. 

Cassidida,  793. 

Cassidu/sda,  386,  387. 

CassiduUna,  130. 
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Cassidulus,  388. 
Cassis,  793. 
CaHllocrinida,  437. 
Catiilocrinus,  437. 
Catopygus,  388. 
Caunofora,  336. 
CatfoUnia,  806. 
Cavolinitda,  805. 
CtUaria,  635. 
Cellariidcg^  634. 
Cellepora,  638. 
CelUparida,  63& 
Cellularia,  634. 
CellMlariida,  634. 
Centrtnulia,  674,  675. 
Cephalites,  175. 
Cephalopoda,  Sax. 
Ceramfycida,  601. 
Cerawiopora,  633. 
Ceramoparida,  633. 
Ceratiocarida,  513,  513,  514. 
Ceratiocaris,  513,  514. 
CtratiUs,  857. 
CeratititUg,  856. 
Ceratospongi€B,  161. 
CerUella^  789. 
Cerithiida,  78a 
Ceriihium,  788. 
CkaUtes,  341. 
CfutUtida,  yirj,  341. 
Ck€Btognatha,  469. 
Chalk,  Z19. 
Chama,  730. 
Chamacta,  739. 
Chamida,  730. 
Chasmops,  54a. 

Cheilostomatous  Polyzoa,  633. 
Cheirocrinida,  437. 
Ckeirocrinus,  437. 
Cheirurida,  537. 
Cheirurus,  536,  537. 
Chelifer,  577. 
Chelodes,  818. 
ChemniUia,  784. 
Chenendopara,  167. 
Chemes,  $77- 
Chert.  158,  159. 
Chtlognatha,  585. 
Chilapoda,  583. 
Ctdlostonulla,  131. 
Chiiostamellida,  133,  130. 
Chirvdota,  406,  407. 
Chiton,  816.  817,  818. 
Chitonelius,  8x8. 
Chitonida,  8x6. 
Chondrophora,  874,  88a 
Chonella^  \(fj. 
Chonetes,  657,  658. 
ChoHostegiUs,  330,  331. 
Choristoctras,  857. 
Chrysidalina,  X30. 
Ckrysodomus,  794,  795. 
Chrysomelida,  60a 
Chthamalus,  499. 
Cidarida,  378. 
Cidans,  378,  379. 
VOL.  II. 


Cimitaria,  75X. 

Cinuiia,  8ox. 

Cirripedia,  495. 

Cirrus,  773,  773. 

CisUlla,  676. 

Cladiscites,  857. 

CladisciHda,  857. 

Cladocera,  509. 

Cladochonus,  343,  343. 

Cladocora,  370. 

Cladofhyllia,  373. 

Classification  of  the  Animal  Kingdom.  85, 

87. 
Classification  of  Fossiliferous  formations, 

41. 
ClathrodictyoH,  333. 
Clathropora,  630, 
Clausastraa,  304. 
Clausilia,  8x3,  8x3. 
Clavagella,  753. 
ClavagellidtB,  75X. 
Cleidophorus,  7x6. 
Cleiocrinus,  431. 
Cleistopora,  306,  3x0,  31  x. 
CUodora,  805. 
Climacograptus,  318,  330. 
Clinuuosfon^a,  x63. 
ClimacHchnites,  535. 
Clinopistha,  748. 
C/U7,  805,  806.  807. 
Cliona,  163. 
Clisiophyllida,  391. 
Clisiophyllum,  393. 
Clistenterata,  655. 
Clymenia,  853,  853. 
Clymeniida,  853. 
Clypeaster,  385. 
Clypeastrida,  384,  385. 
C/y/e«j,  388. 
Cnetnidiastrum,  X67. 
Coccinellida,  6ox. 
Coccocrinus,  438. 
Coccoliths,  xxo,  X495. 
Coccofhyllum,  373. 
Cochlearia,  783. 
Cochloceras,  857. 
Cockroaches,  597. 
Cadaster,  463,  463,  464. 
Codasterida,  464. 
Codiopsis,  383. 
Codofutster,  463. 
Codonites,  4^. 
Ccelenterata,  190. 
CalocentruSj  773. 
Ceeloceras,  866,  867. 


CctloptychiidtB,  X75. 
Caloptychium,  168,  169, 
Coglospira,  664,  669. 
Ceenites,  316. 
CasnoHta,  565. 
Caenograptus,  3x6. 
CasHOsphcera,  X47. 
ColeoprioH,  807. 
CoUoptera,  60a 
Columbola,  59X 
Collyrites,  388, 


175. 
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CollyriHda,  388. 

Colonies,  60. 

ColumbeUa^  794. 

Coluimbellaria,  794. 

Columbellida^  793. 

Columbellina^  794. 

Columnaria,  969,  274. 

Columnopora,  jo6,  317. 

Comarocvs/iUs,  449,  455. 

Cimatula,  409,  4x0,  411,  41a.  4x4,  443, 

Comatulida,  44a. 

Comboph^Uum^  396. 

Comosens,  304. 

Conchtuea^  735. 

ConckicoliUs,  47^,  477,  478. 

Conckifera  (see  Cam^llUranckiata). 

Conjferia,  71  x. 

Conida,  798. 

CoHOcardium,  728,  739. 

ConocephalidtB,  531. 

CoHoce f  halites t  531. 

Conoctypeida,  384. 

ConoclypuSt  384. 

CoHocoryphe,  531. 

Conodonts,  480. 

Conorhis,  799. 

CoHosmiiia,  284. 

Contempoianeitv  of  strata,  46. 

Continuity,  Geological,  55. 

Conuiaria,  808. 

Conulariida,  808. 

Conulus,  8ia. 

CoHus,  798,  799. 

Canvexastraa,  372. 

Copepoda,  503,  509. 

Coprolites,  15. 

Corallines,  35,  1495. 

CoralHsUs,  165. 

CoralUum,  344,  336,  337,  338. 

Coral-reeCs,  modern  and  ancient.  356-360. 

Coral-rock,  357. 

Corals,  gemmation  and  fission  of,  353-355. 

Corals,  simple  and  compound,  345-355. 

Corbicula^  738. 

CarbiSt  747. 

Corbula,  743,  743. 

Comularia^  336. 

Comularida^  336,  327. 

ComuUtes,  475,  476. 

Comuspira^  124. 

CoronulCt  499. 

Corymbocrinns,  43a 

Corynella,  180. 

Corynida,  195,  197. 

Corynoidts^  215. 

Cosiinium,  610,  631,  632. 

Coscinopora,  176. 

Coscinoporidat^  176. 

Coscinotrypa^  6x0,  631,  633. 

Cosmoceras,  867. 

Cottaldia,  383. 

Cotylecrinus,  439. 

CotyUderma,  439. 

Cran^psis,  563. 

Cranta,  653,  654. 

Craniada,  653. 


Craspedojtoma,  776. 
Crassa/elia,  735. 
Crassaie/IidtB,  735. 
CrassaUllina,  736. 
Craticularia,  174. 
Crenellat  711. 
CrenifecUn,  701. 
Creptdopkyllum,  348,  a9a 
Crepidula,  764. 
CreseiSt  804,  805. 
Cribrtlla^  397. 
Cribrilina,  636. 
CribriliniiUe,  636. 
Crickets,  597. 

Crinoidal  limestone,  23,  33. 
Crinoidea,  408,  1566. 
Crioceras,  868,  8^,  870. 
Crista,  616. 
Crisiida,  616. 
Cristellaria,  131. 
CnMtifj,  538,  539. 
Crossofodia,  486,  487,  1482. 
Crotalocriuida,  430. 
CrotalocrinuSt  430,  431. 
Crustacea,  49X. 
CryptuBus,  541,  543. 
Cryptoblastus,  464. 
Cryptocrinus,  453,  455. 
Cryptokelia,  335. 
Crypioplax,  818. 
Cryptosckisma,  464. 
Cryptotonia,  Tfyj, 
Crystalline  limestones,  31. 
Ctenodiscus,  393. 
Ctenodcnta,  7x6. 
CtenopMora,  356,  36a 
C/m^^A)OTa/0  (/V/^«oa),  6i3,  6x3. 
Cuculkea,  713,  7x3. 
CucuUella,  715,  717. 
Cultellus,  740. 
Cumacea,  559,  56a 
Cuprtssocrinidee,  433. 
Cupressocrinus,  433. 
Cupularia,  638. 
Curculionida,  6oa 
Curculionites,  600. 
Curtomotus,  730. 
Cuvieria,  806,  8x0. 
CyatJULXonia,  366. 
Cyathidium,  439. 
CyathocrinxdtB,  435. 
Cyatkocrinus,  435,  436. 
CyathophyllideB,  385. 
Cyatkopkylloidea,  384. 
Cyathophyllum,  286. 

O'Asfe,  538.  539. 
Cyclammina,  129. 
C>f /«.  738. 
Cycloclypeus,  lyj, 
Cyclocrtnus,  186,  187,  188,  1564. 
Cyclolites,  305. 
Cyclolobus,  855,  856. 
Cyclonema,  776. 
Cyclopkthalmus,  578,  579. 
Cyclophyllum,  292. 
Cycloseris,  304, 
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Cyclostoma,  786. 
Cyclostomida^  786. 
Cyclus,  550. 
Cylichna,  801.  80a. 
Cylindrites,  801. 
Cylindrophyma,  167. 
Cymbulia,  804,  806. 
Cymhtliida,  806. 
05^//w,  174. 
Cyphasfis,  542. 
CypMosoma,  382. 
Cypnea,  790.  791. 
Cypraida,  79a 
Cyprella,  508. 
Cypricardella,  725. 
Cypricardia^  736. 
Cypricardinia,  736. 
Cyprida,  508. 
Cypridella,  508. 
Cypridellina^  508. 
Cypridina,  xfyj,  508. 
Cypridinida,  507. 
Cyprina,  736. 
Cyprinidet,  736. 
0^^^»  S07.  S08. 
Cj^AWuz.  738. 
Cyrenidte^  738. 
C/f^M.  665,  666. 
Cyrtina,  665,  666. 
CyrtoceraHtUB,  843. 
CyrtocercLS,  843. 
Cyrtocerina,  839. 
Cyrtodaria,  743. 
Cyrtodonta^  714,  715. 
Cyrtogtyiptus^  215. 
Cyrtolites^  769. 
CysHphyllida,  298. 
CysH^ylloidea,  298. 
CysHphyllum,  299. 
Cystocidaridce,  373,  374. 
Cystocidaris,  373,  374. 


Cystodictya,  ^z, 

O'J 

Cylherella,  508. 


lystodictyonida^  631 
CythereiSt  509. 


Cystoidea^  447,  1566. 
Cythere,  507,  509. 
Cytherea,  yyj- 


CythtrelHdtB,  508. 
Cyikerellina,  508. 
CytheridtB^  509. 
Cyiheridea,  509. 

Dakota  Beds  of  North  America,  45. 

Dalmania^  542. 

DalmaniieSt  k\i^  542. 

Daonella,  700,  707. 

Dasmia,  266. 

Davidsortella,  678. 

Davidstmia,  663. 

DawsoruUa^  'j'fi. 

Dawsonia,  214. 

Dayia,  669. 

Decapoda  {Crustacea),  562 ;  (Cephalopoda), 

874. 
Deep-sea  Muds,  74. 


Defrancia,  619. 

^>«>^«.  537.  538- 
Dekayia,  ^49,  356. 
Delphinula,  775. 
Dendrocrinus,  435. 
Dendrograptus,  203,  204. 
Dendropkyllia,  306,  308. 
Dendrofufa,  813. 
Dentaltiaa,  819. 
Dentalina,  131. 
Denialium,  8x9. 
Derivative  rocks,  13. 
Deshayesia,  779. 
Desmoceras,  865. 
Diadema,  381. 
Diadematida,  381. 
DianuUtes,  356; 
Diastama,  781. 
Diastopora,  6x7,  6x8. 
Diastoporella,  618. 
DiastoporidtB,  6x7. 
Diatom-earth,  33,  149a 
Diblasus,  267. 

Dibranchiate  Cephalopods,  87X. 
DibunophyUum,  291,  292. 
Dicellograptus,  217. 
Diceras,  731. 
Dichocrinus,  428. 
DichograptidiB,  216. 
Dichograptus,  217,  218. 
Dicranograptida,  2x7. 
Dicranograptus,  217,  2x9. 
Dictyocha,  147,  148. 
Dictyomitra,  148,  X49. 
Dictyonema,  204,  205. 
Dictyoneura,  594. 
Diciyonina,  168. 
Dictyophytofit  173. 
Didymocyrtis,  X49. 
EHdymograptus,  2x6. 
Dikellocefhalus,  52X,  530,  531. 
Dimerelta,  670. 
DimorpkograptuSt  211,  219. 
Dimyary  Bivalves,  688. 
Ditidvmene,  539. 
Dindymenida,  539. 
Dinobolus,  655. 
Dionide,  544. 
Diphyphyllum,  287. 
Dtffocidaris,  379. 
Dtpiodonia,  746,  747. 
DtplograpHda,  2x8. 
Dtplograpius,  218,  2aa 
Diploria,  272. 
Dtplostylus,  562. 
Dtplotrypa,  355- 
Diprionidian  Gra] 
Dtptera,  599. 


Diprionidian  Graptolites,  214,  2x8. 

Diptera,  599. 

Dtscina,  652,  653. 

Discinida,  652. 

Discinisca,  653. 

DisciUs,  845. 

Discinocaris,  5x3,  5x5. 

Discoceras,  844. 

Discodermia,  165,  168. 

Diicokelix,  772. 
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Disandea,  386. 
Discophora,  ao6, 
Discoporella,  6x9. 
DiscorHna^  133. 
Discosorus^  840. 
DisHckopora^  227. 
DitkyrocariSt  5x5. 
Ditrtmaria,  766. 
Ditrupa,  475. 
Dolabra,  j2o, 
Doliida,  79a. 
Dolium^  798. 
Dolomite.  37,  a8. 
Damopara,  607,  619. 
Donacida,  739. 
Z)<>«tf4r,  739. 
Dorycrinus,  426. 
Doryderma,  165,  167. 
Dosinia,  737. 
Dm^on-flies,  597. 
Dmssena,  711. 
Dreissenomya,  70a,  711. 
Dromia,  566. 
Dromiopsis,  567. 
Duruarulla,  264,  267. 


INDEX. 


Dys€Uterid(g,  388. 
Dysplauvs,  536. 
Dytiscidtt^  601. 

Earwig,  597. 
Batonxa^  670. 
Ebuma^  793. 
Ecculiomphalus^  771,  77a. 
EcMnanthus,  388,  451. 
EchinarachniuSt  385. 
Eekinida,  381,  38a,  383. 
EchinohrissidtB,  387. 
Eckinobrissus,  388. 
Echinocaris,  514. 
EchinoconidtB^  385,  386. 
Eckinoconus,  386. 
Eckinocorida,  389. 
EckinocyamuSt  385. 
EckinocysHtes,  373,  374. 
Eckinodermata,  361. 
Eckinoencrinus,  456. 
Eckimndea,  366. 
Eckinolampada,  387. 
Eckinolampas,  388. 
EckinoMuSt  387. 
Echiuonidte,  387. 
Eckinospatagus^  39a 
Eckinospkarites,  454,  455. 
Eckinotkuria^  380. 
EckinotkuridiB,  380. 
Eckinozoa,  365. 
Eckinus,  383. 
Edmondia,  750. 
Edrioaster,  453,  453. 
Edriocrinus,  436,  437. 
Eickwaldia,  653. 
Elaacrifius,  46a,  464. 
Elasmosioma^  180,  181. 
Elaierida,  601. 
EleutkirocrinuSt  463,  464. 


EllipsacHnia,  199. 
ElhpsocepkaluSy  539,  531. 
Emarginulat  763. 
Emmonsia,  314,  315. 
EnallocrinuSt  431. 
Enallokelia,  367. 
EnckytrtBuSf  469. 
Encrinasierug,  395,  396,  397. 
Encrinidat  438. 
Encrinurida,  538. 
Encrinurus,  538,  539. 
Efurinus,  438,  439.  445. 
Endoceras,  838. 
EndoceratidiB^  837. 
Endop(ukys,  308. 
Endopkyllum,  386. 
Endotkyra,  Z38. 
Endymionia,  545. 
Enofloclyiia,  565. 
£ff^>,  74a 
Enialis,  819. 
Entalopkora,  618. 
Entalopkorida,  618. 
EnioHum,  701. 
Entomis,  sw,  508. 
Entomoconckus,  507,  508. 
Eniomostraca,  503. 
Entotoa,  469. 
Eocidaris,  378,  379. 
EocysiiUs,  450,  451,  45a. 
Eoluidia,  397. 
Eopkrynus,  576. 
Eopkyton^  309. 
EopUria,  703. 
Easeorpius,  578. 
Eospkaroma,  559. 
Eospongia^  i&j. 
Eotodn,  137-143. 
Epactocrinus,  434. 
Epkemerida^  597. 
Epiaster,  39a 
Epitrtukys,  469. 
EreUo,  791. 
Eridopkyllum,  387. 
Erinnys,  543. 
Errant  Annelides,  478. 
Erycina,  736, 
Erycinacea,  736. 
Erycinidat  736. 
i?rya»,  564.  565. 
EryonidtB^  564. 
Esckara,  637. 
Esckarida,  636. 
Estkeria,  510,  511. 
Esikeriella,  51  j. 
Etkeridria,  175. 
EtkiHopk^Uum,  183,  184,  185. 
Etoblatttna^  59^ 
j?/yrtcj,  567. 

EuasUroidea,  395.  397. 
Eubrockus,  176. 
Eucalypiocrinus^  439.  430. 
EuckrysaliSt  787. 
Eueladia,  40a. 
EucorysteSt  567. 
Eucyrtidium,  148,  149. 
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Eudea,  180. 
Eudesella,  678. 
EudisicrinuSt  439. 
Eudtocrinus,  443. 
Euechinoidea^  377,  378. 
Eugoiter,  i^,  405. 
EugntiacrtnidtSt  439* 
Ettgeniacrinus^  439. 
^M^trwn,  594,  595. 
EuMelia,  967. 
Eulima,  784. 
EumictvHs,  703. 
Evnema^  776. 
Eunicitts,  479,  480. 
EuomphalidtB^  77a 
Euomphalopterus,  766. 
EuoMphalus^  770,  771. 
EmptUagus,  390. 
Euphoberia,  584. 
EupfyUia,  20a,  27a. 
EupUcUlla,  168,  176. 
Euprodps,  55a 
Eupsammida,  306,  307. 
EureUt  174,  176. 
Euretid^e,  174. 
Euryale,  402. 
Euryalida^  40a. 
Eurydesma,  727. 
Eurypterida,  546.  551,  554. 
Euryptertts,  551,  552,  555. 
Euspongia,  z6i. 
Eusioma,  788. 
ExapinuruSt  549. 
Exelissat  782. 
Exogyra^  696. 
Extracrinus,  417,  442. 

FarrtOt  174,  176. 

Pascicularia^  jtrjx,  621. 

Fasciculipora^  621. 

Fasciolaria^  795. 

Favia,  272. 

Favistella,  264,  274. 

Favosiies,  313,  314. 

Favositida,  306,  311,  3x2. 

Favositipora^  3x1. 

FenaUUa^  624.  625. 

Fenestellida,  608,  622,  623,  624,  625. 

Fentstraliat  626. 

Fibula,  788. 

Fieula,  792. 

FiculuUSt  792. 

Filagrana,  472. 

Firolid€Bt  802,  803. 

Fission  of  Corals,  254,  255. 

Fissurtlla,  763. 

Fissurellida,  763. 

FistuUtria,  744. 

FistuHfora,  357.  358,  359. 

FUtuhporida,  354,  357. 

Flabellum,  246,  266. 

Flints,  origin  of,  X58,  X59. 

Foramini/erat  xxa 

ForbenocrinuSt  432. 

Formicida,  600. 

Fossil,  definition  of,  4. 


Fossiliferous  rocks,  xx. 

Fossilisation,  5. 

Frondicularia,  X3X. 

Frondifora,  62X. 

Frondtporida,  62a 

/^tfMTrfwa,  595. 

Fu^gur,  7^. 

Fungella,  62X. 

FuHgida  (Madreporaria),  303- 

Fun^ida,  304. 

Fustda,  795. 

Fusispira^  787. 

FusuUna,  X36. 

^Kfttf,  795. 

Gttdiniida,  8x5. 

Gadus,  82a 

Galathea,  565,  566. 

Go/tfOMMtf,  Talis. 

GaUommukBt  jolS, 

GaUriUs,  386. 

GaUropygus,  384. 

Gammarus,  557. 

Gampsonyx,  557,  561. 

Ganymeda,  443. 

GasUrocoma,  433,  434. 

G<isterocomida,  433. 

Gcuteropodat  753. 

Gastrochana,  744. 

Gastrochanida,  744. 

Gastropoda,  753. 

Gecarcinus,  567. 

Gemmation  of  Conds,  253,  254. 

Genabacia,  304.- 

General  succession  of  oiganic  types,  X02. 

Geocoma,  403. 

Geodia,  X63. 

Geodites,  X63. 

Gtophilus,  583. 

GeoUuthis,  880. 

Gtphyrea,  469. 

Geralinura,  580. 

GennUiat  705. 

Gi^aniostraca,  503,  546. 

Gtlbertsocrinus,  439. 

Girvoful/a,  127,  X28,  X563. 

GiioerafigOH,  566. 

Glandina,  8xx. 

Glauconitic  grains  of  green  sands,  34, 

xx8. 
Glauamome,  628. 
GUnoiremites,  443. 
Ghbi^erina,  113,  X32. 
GlobtgerinidtB,  X22,  X3X,  X32. 
Glossoceras,  843. 
GhcerUest  480. 
Glyctpterida,  743. 
Glycimeris,  743. 
GlypluBa,  564. 
GlypkmdtB,  563,  564. 
Glyphostomata,  378,  380. 
Glyptarca,  693.  7x2. 
GlypHcus,  ^82. 
Giyptocrintda,  429. 
Glyptocrinus,  428,  429. 
Glyptocystites,  456. 
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Glyftodesma,  708. 

GlyfiaspMarites,  448.  449.  450,  451.  453. 

Gnathopod  Crustaceans,  503. 

Gomphoceras,  840,  841. 

GomphoceraHda,  841. 

Gomfkocystites,  452. 

Gontaster,  397,  398. 

GomiaHtes,  85a,  854. 

GomiaHtida,  853. 

GcniodiscdUt  2197*  3S)8* 

Ganiomyat  748. 

Goniopnora^  737. 

G<miophoruSt  380. 

Goniophyllum^  300,  301. 


Gordtacea, . 

G&rgonaceai  ^^6, 

Go^pmella^  331. 

Ga^OHta,  330. 

GorgonidtB,  336,  33a 

GoaeltHa,  708. 

Grammysia,  75a 

Grammysisda,  749. 

GratuUocrinus,  459,  463,  464. 

Grantia,  179. 

Graphite,  3^ 

Graphularta,  331. 

GraptoUioidea,  aia 

Grasshoppers,  597. 

Greensand,  34,  zi8. 

Grtfmia^  192. 

Grvmida,  12a.  124. 

Gryllacris,  597. 

^rr'/itf.  597. 

Gryplusa,  695,  696. 

Gryphockiton,  818. 

Gualteria,  yjo* 

Guerangcria^  722. 

Guettardia,  176. 

Gujmia,  q66. 

Gymnolaematous  Polyzoa,  6x2. 

Gymnosomatous  Pteropods,  803,  804. 

Gypidula^  672. 

Gypsina,  133. 

Gypsum,  14. 

Gyrvceras,  844,  845. 

GyroporeUa-limestone,  25,  1494. 

Nadrvphyl/ida,  993,  296. 
HadfvphyUum,  296. 
Haimeia,  325. 
HaimHda,  yi6,  yrj. 
HeUiomma,  148,  149. 
HalioHda^  770. 
HalioHs,  770. 
Halisarca,  i6z. 
HaUirkoa,  168. 
Halobia^  707. 
Halvcim,  550. 
Halysiies,  339,  340. 
Halysitida,  327,  339. 
Hamites,  860.  861. 
Hamulina,  86a 
Haplistion^  163. 
Haploceras,  865. 
Haploceratida,  865. 


Haplocrinida,  432. 

Haplocrinus,  432. 

HaplopkUbium,  594. 

Haplophyllia,  a66. 

Harpa,  798. 

HarpedidtB,  528. 

Harpes,  528. 

Harpida,  798. 

Narpidts,  543. 

Harpoceras,  864,  865. 

Harpoceratida,  864. 

HarUa,  325,  326. 

Heart-urchins,  383,  389. 

Hederella,  617. 

Hedriophthalmate  Qrnstaceans.  556. 

Hekioftt  762. 

Htlianthaster^  397. 

Heliastnga,  272. 

Helicida,  8ri. 

Helicina,  778. 

Helicinidat  778. 

Helicoceras,  86 1. 

Helicopora,  626. 

Helicotoma^  767. 

Helioliies,  335,  336.  337,  33a 

HelioHHda,  335,  337. 

Heliopkyllida,  289. 

Heliophyllum^  289,  29a 

Heliopora  231*  33a»  333.  334.  335- 
HeltopartdiBt  326,  331. 
Helioxoa,  109,  no. 
/ftf/sjr.  812. 
Htlmintkochiton,  818. 
Hemeristia,  594. 
HemeroHid4B,  598. 
Hemiaspidtg,  5^. 
Hemiaspis,  549. 
Hemiaster,  390. 
Hemicardium^  728. 
Hemicerast  808. 
Hemicidaris,  381,  382. 
Htmicosmites^  447,  455. 
Hemicystites^  452. 
Hemimetabolic  Insects,  592. 
Hewufedina^  382. 
HtmtfronUts,  661. 
HemipUra,  595. 
Hemtirochiscus,  ^156, 
Hercoceras,  845. 
Hermit-crabs,  ^65. 
HeUractinellidat  z6o,  178. 
Heterastridium^  oaq, 
HeUroblastus,  464. 
Heierocereu,  86z,  869. 
Heterocaia,  179. 
Heterocrimda,  434. 
Heierocrinus,  434. 
Heterodictya,  (SaiiB,  629. 
HeteropkylHa,  265,  269,  271. 
Hetervpodat  802. 

Heteropora^  6x1,  612,  6x5,  621,  622. 
HeteroportUat  621.  622. 
HtttfvpoftdtBf  621. 
HeUropsamwua^  317. 
Heierosiegina,  137. 
Hcxacrinida,  428. 
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Hex€urinus,  428. 
HtxtuHneUida,  168. 
Hexarkixites,  ao8. 
Hildoceras^  865. 
Hindia,  165,  167. 
HinniUSt  701. 
Hifponyx,  764. 
Htppopodium,  724. 
Hifpopus,  727. 
Hifpcthoa,  6x3,  636. 
Htfpothaida,  636. 
Htf^Htes,  733,  734. 
Htfpuritida^  732. 
Htrudinea,  470. 
Histioderma,  481,  483. 
Hoimesia,  705. 
Holasier,  343,  389. 
Holasterella,  173. 
Holasterida,  389. 
Holectvpus,  386. 
Holochtton,  818. 
HoiocysHs,  272,  273. 
HolocysHUs,  454,  455. 
HolomeUbolic  Insects,  599. 
Hohpea,  781. 
Holopella,  782. 
Holopida,  439. 
Holopus,  439. 

Holostomatous  Gastropods,  755,  761. 
Hohikuroidea,  406. 
Nomalonotus,  533. 
Homams,  565. 

Homoccela,  178. 

Homocrinus,  436. 

Homotaxeous  deposits,  46. 

Homothehis,  594. 

Hoplites,  867. 

Hoplocrinus,  434. 

Hoploparia,  565. 

Homera^  6x8. 

Horny  Sponges,  161. 

Hurouia,  840. 

Hyalaa,  803.  806. 

Hyalocylix,  805. 

Hyaionema,  X7a 

Hyalostelia^  xjo, 

Hvalotragos,  i6fj, 

Hvboclyfus,  387. 

Hybocnnida,  434. 

Hybocrinusy  434. 

Hyboeystites,  434. 

Hydra,  19^ 

Hydractinta,  197,  198,  199. 

Hydrida,  19a 

Hydrohia,  780,  781. 

Hydrocephalus ,  53a 

HydrocorallifUB,  191,  223. 

I^droid  Zoophytes,  195. 

Hydrophilida,  6ox. 

Hydrotoa,  192. 

Hymenocaris,  5x3,  5x4- 

Hynunoptera,  599. 

Hyocrinid^t  439. 

Hyocrinus,  440. 

HyoUthes,  804,  807. 

Hyoliihida^  807. 


Hypanthocrinus,  430. 
Hyperammina,  127. 
Mypotrema,  69)3. 
Hysiricrinus,  4x8,  428. 

lanthina,  782. 
lanthinida,  782. 
Ichihyocrinidat  431,  445,  446. 
Ichthyocrinus,  43X. 
Ichihyosarcolites,  732, 
Idiostroma^  236. 
Idmonea,  6x8. 
Idmoneida^  6x8. 
Illanida,  535. 
Illtgnus,  535,  536. 
ImferatoTy  775. 

Imperfection  of  the  palseontological  re- 
cord, 63. 
Imperforate  Foraminifera,  120,  X2x,  X22. 
Indusial  Limestone,  598. 
Infusoria^  xxo. 

Inkbag  of  Cuttlefishes,  822,  871. 
Inoceramus,  705,  706. 
Insecta,  587. 
InvoluHna,  129. 
Irregular  Echinoids,  383. 
Isastraa,  271,  272. 
Ischadites,  X70,  172,  173,  XS64. 
/jw,  33a 
Isoarca,  7x2. 
Isocardia,  736. 
hochilina,  506,  507. 
Isadontat  739. 
Isonema,  776. 
Isopada,  556,  558. 
Isotelus,  534. 
lulopsis,  585. 

Jelly-fishes,  206. 
%rM,  167,  x68. 
yereica,  X67. 

KampecariSt  584. 
Keilostoma^  78X. 
Kellia,  736. 
Kingena,  &/S. 
King-crabs,  546,  550. 
Kirkbya,  506. 
Klitambonites,  661. 
Koninckella,  663,  664. 
Koninckia,  3XX. 
Koninckina,  664. 
Konirukinida^  663. 
Kraussina,  675. 
Krdyera,  burrows  of,  488. 
JCutorgina,  65X. 

Lahechia,  232,  233. 
Lace-corals,  622. 
Laceripora,  315. 
Lacuna,  781. 
Leetnodipoda,  558. 
Lcevicardium,  728. 
Lagtna,  13X. 
Lagenida,  122,  X31. 
LtMmina,  65X,  652. 
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LameilibraHehiata,  683. 
Laramie  group  of  North  America,  46. 
Lasiocladia,  163. 
LasicgrapHda,  219. 
Lasiagraptus,  3x9. 
Latimaandra,  372. 
Leaia,  511. 
LecoHocrinuSt  431* 
Lidat  717. 
Lt^odtsmus,  481. 
Leiopathts,  26^ 
LaopUriCt  703. 
Leiorhypuhus,  670. 
Leitha-kalk,  35.  1497. 
Lepadida^  500, 
Lepadocrinus,  449,  456. 
i>/<M,  ^00.  50a. 
Leperdttia,  506,  507. 
Leperditida,  506. 
Lepidechinui^  377. 
Lepidestha,  37%. 
Lepidocentrus,  377. 
Lepidopttra^  599. 
Lepisma,  593. 
Lepralia,  636,  637. 
Leptana,  659,  663. 
Leptagonta^  653. 
Leptodolus,  653. 
Leptockiton,  8x8. 
Leptoclinum,  603. 
Leptocxlia,  675. 
LeptodcmuSt  750. 
LeptograptidtB,  316. 
Leptograptus,  316. 
Leptomaria^  766. 
Lepton,  736. 
Leptophyllia,  305. 
'  Leptoteuthis,  880.  881. 
Leucandra^  179,  1565. 
Leucones,  179,  1565. 
Leuconia,  179. 
Leuconida,  179. 
Leucosolenia,  179. 
Libellvlida,  597. 
Lickad€B,  54a 
Lichas,  539,  54a 
Lichenopara,  6x3,  619. 
LickenoporidtB^  6x9. 
Life-zones,  58. 
Lima^  700. 
LimacxdtB^  8ix. 
Limacina,  804. 
LimacinidiE,  804. 
Limanomiat  698. 
Limea,  70a 

Limestones,  origin  and  microscopic  struc- 
ture of,  15-33. 
Limid€Bt  699. 
Limnadia,  5x0. 
Limnaa,  8x4. 
LimnaidiEt  813. 
Limopsis,  7x3,  714. 
Limoptera,  703. 
Limuiidig,  55a 
Ltmulus,  546,  547,  548,  55X. 
Lindstroemia,  366. 


Lingular  650. 
LinguUUa,  650,  651. 
LinguU^,  650. 
Linguhda,  650. 
Unthia,  390. 
Liopistha,  749. 
Litharaat  311. 
Lithentomum.,  594. 
Lithisiidig,  164. 
LithocardiuMy  738. 
Lithodomus,  711. 
Lithogaster,  563. 
Lithographic  Limestones,  z8. 
LithomantUt  594. 
IMhostrotian,  287,  288. 
Utiorina,  781. 
Littorinida^  781. 
Liluitest  844. 
LdtuUida,  844. 
Lituola^  138. 
Lituolida^  133,  138. 
Lobites,  856. 
Lobocarcinus,  $6fj, 
Locusta,  597. 
Loftusia,  139,  13a 
LonsdaUia,  393,  393. 
Lophohelia,  062,  367,  368. 
iJphopkyllum,  395. 
LophoseridtBy  304. 
iJphoseris,  304. 
Loricula,  500,  503. 
Loxonema,  784. 
Lucemaria,  195,  206. 
iMcemarida,  906. 
LucinUt  746,  747. 
Lucinacea,  746. 
Lucinida,  746. 
Luidia,  393,  393. 
Lumbricaria,  484. 
Lumbricoturtitest  479,  48a 
Lunatia^  779. 
Lunulicardiida,  739. 
Lunu/icardtMm,  739. 
LvnulUes,  638. 
Uttraria^  742. 
Lychnocanium,  149. 
Lymnocardium^  728. 
Lymncrea,  i8a 
Lyonsia,  749. 
Lyopomatat  649. 
Zym,  675. 

LynxUstnat  713,  7x7. 
LyroporUt  636. 
Lyssakina,  168. 
Lyioceras,  859,  860. 
LytoceraHda,  859. 
Lyttonia^  678. 

Maclurea,  773,  773. 
MacrocheiluSy  784,  785. 
MacrodoHt  7x3. 
Macropneustes,  390. 
MacroscaphiUSt  860. 
Macrura,  563. 
Mactra,  741,  742. 
MactriiUgt  74X. 
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Madrepora,  908,  Wl 

Madreporana^  963,  264. 

Madreporidm,  308. 

JlfaaMdrina,  27a. 

MtBandropora,  6az. 

Mteandrospongida,  175. 

MagaSt  675. 

Masnesian  limestone,  37. 

Malacodermata  {ZoantAaria),  263. 

Malacostraca,  556. 

Malleus^  7C4. 

Mallopha^y  599. 

MalocysHtes^  4ca. 

Mandibles  of  Cephalopods,  Saa,  897, 8a8, 

871. 
Mantida,  597. 
Margifulla,  797. 
Marginulina,  131. 
AiarjupiUs,  44a. 
Marsupitida,  44a. 
Martesia,  745. 
Meutopora,  z88.  1564. 
Mastosia^  167. 
Maiheriat  734. 
MoMonia^  578. 
AfecochiruSt  564. 
Medusites,  908. 
Megcdasfis,  534.  535. 
Megalodon,  7«,  736. 
MegalodonHdae^  735. 
Megalamus,  714,  7x6. 
Megamorina^  164. 
MegatUeriSt  675. 
MegapkylliUs,  859. 
Megerlia,  frj^, 
MegistocrinuSf  426. 
Melania,  785. 
Melaniida,  785. 
Melanopsis,  785. 
Melina^  704. 
MeliikiBa,  xrj, 
Mellitionias,  176. 
MelocrinitUt,  426,  439. 
Melocrinus,  426. 
Melonella,  167. 
Melongena^  796. 
Melonites,  376. 
Membranifora,  635. 
Afemhramporida,  635. 
Menace fhalus,  531. 
Aienopk^llum,  995. 
Mereinx,  737. 
Meringosoma^  479. 
Merista,  666,  667. 
Meristella,  666.  667. 
Mermis,  469. 
Merostomata,  546. 
Aierulina,  979. 
Mesenteripora,  617,  618. 
Mesoblastus^  463. 
Mespilocrinus,  431. 
Metailastus,  463. 
Metacrinus^  449. 
Afetcptoma,  769,  763. 
Afej^eria,  565. 
Aftamia,  594. 


AfieJkeliftia,  3x6,  317. 
Micrabtuiat  304. 
Miaxuter^  389,  390. 
Microconchus,  474. 
Miavcyclus,  996. 
MicrodiscuSy  545. 
Microdon,  795. 
Micropora,  635,  636. 
Microporella^  636. 
Microporellida,  636. 
Microporida,  635. 
MicrosoUna^  305. 
Migrations,  50. 
Miliokty  194. 
MiliolitUe,  199,  124. 
Millepora,  993,  994. 
MilUricrinuSy  440. 
Mitcheldeania^  900,  901. 
Mitra,  797. 
Modiola,  710. 
Modiolopsida^  7x8. 
ModiolofsiSy  7x8. 
Modiatmorpha,  718. 
AfoUusca,  68a 
MoUuscoidea,  603. 
MonacHnellida,  161. 
Monera,  109,  no. 
Monilopora,  349. 
Monodonta^  775. 
AfonograpHd€B,  215. 
MonograptMSt  2x5. 
Monomerella,  654,  655. 
Monomyary  Bivalves,  689,  693. 
Monopleura,  73 x. 
Monoprionidian  Graptolites,  914. 
Monopteria,  703. 
MonoHst  706. 
Monotrypa,  347,  356. 
Monotrypella,  356. 
Monoxenia,  395,  396. 
MontcLcuta^  790. 

MonticuUfara,  347,  351,  354,  355. 
Monticuhporida,  346,  354. 
Monticuliporoids,  346. 
Montlivahia^  970. 
Moorea,  506. 
Mopsea^  397,  398. 
Moseleya,  274. 
Mucronella,  637. 
Murckisonia,  7^,  768. 
Murex,  796. 
Muricida,  796. 
Muisa,  96a,  964,  979. 

Myaeea,  741. 
Myalina,  708,  709. 
Afycedium,  304. 


Afyida,  749. 
M^lacriSt  593. 
Mylothrites,  599. 
MyocariSt  5x1. 
Myoatncha^  794. 
Myophoria^  790. 
Aiyrianites,  485,  486. 
Myriopoda^  58a 
Myriotoidti,  636. 
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MvrmeUontida,  598. 
Mysis^  560,  561. 


XL,  66z. 


Myns,  560,  5< 
AlYstrophora, 
Mytilacea,  70a. 
Mvtilarca,  708. 
MytilitUB,  7za 
MytUus,  710. 
MyxosponguE,  161. 
Mytostoma,  469. 
Mynostomida,  469. 

Nanocrinus,  433,  434. 

Narica,  779. 

NassUt  79^. 

Nassellana^  145,  146. 

Natica,  779. 

NaHcella,  779. 

Naticida,  778. 

Naticofsis,  778. 

Nautilid/E,  844. 

Nautiloidea,  833,  834. 

Nautilus,  8a6,  837,  845,  846. 

Netgra,  743. 

Nebalia,  510,  512. 

Nebaliada,  512,  5x3. 

NebtUiopsis,  51a. 

Necrocarcinus,  567. 

Necrogammarus,  557. 

Necroscilla,  56a. 

Nectotelson,  561. 

NemtUoda,  469. 

Nemerteans,  480. 

Nemertites,  480. 

Neobolus,  651,  652. 

Neocrinoidta,  423,  424,  438,  445. 

Neolimulus,  549,  55a 

Neorinopsis,  599. 

Neoscorfii,  579. 

Nereidavus,  48a 

Nereites,  480,  484,  485. 

Nerinta,  787,  788. 

Nerineidct,  j^j, 

Nerita,  777, 

Neritida,  776. 

Neritina,  777. 

Neritodomus,  jjj, 

Neritoma,  777. 

Neritopsid4B,  jtj* 

Neritopsis,  777. 

Neuroftera,  597. 

Nidulites,  187,  z88,  1564. 

iV//«j,  535. 

M'oAf ,  534. 

A7w<?,  78^. 

Nodosarta,  131. 

Nodosinella,  129. 

Nonionina,  134. 

Nothoceras,  847. 

Nubecularia,  124. 

Nucleoblastida,  463. 

Nucleobranckiata,  802. 

NucUospira,  667. 

Nucula,  715,  716. 

Nuculana,  717. 

NuculanicUe,  717. 

Nuculida,  714. 


Nuculina,  714. 

Nudibranchiate    Gastropods,   756,   758, 

80a 
NuUiporen-kaUc,  25. 
Nullipores,  24,  25,  1496. 
Nummulina,  134,  135. 
Nummulinid4B,  123,  133. 
Nuromulitic  limestone,  120,  136. 

OhoUlla,  651. 

Obolida,  650. 

Obolus,  6ki. 

Oceanic  Hydrozoa,  195. 

OctacHnellidte,  177. 

OcHlUenus,  5^6. 

Octopod  Cephalopods,  873.  881. 

Ocuitna,  -267. 

Oculinida,  367. 

Oculospongia,  z8o. 

Odontomaria,  766. 

Odostomia,  784. 

^fXfw.  334. 

Oldhamta,  205. 

Oldhamina,  678. 

Olenellus,  529. 

Olenid4B,  528. 

O^xttj,  530,  531. 

Oli^hata,  470. 

Olt^oporus,  376. 

0/»va,  798. 

Olivella,  798. 

Olivida,  798. 

Oliacrinus,  429. 

Omfhyma,  282,  288. 

Ontscia,  792. 

OniscuUe,  559. 

Oniscus,  559. 

Onychaster,  402. 

Onychophora,  582. 

Oolitic  stracture  of  limestones,  28. 

Operculina^  137. 

Ophidioceras,  844. 

Uphileta,  771. 

Uphioderma,  403. 

Ophioglypha,  400,  403. 

OphioUpis,  404. 

Ophiurella,  403. 

Ophiurida,  403. 

Ophiuroidea,  399. 

^j.  725. 

Opisthobranchiate  Gastropods,  800. 

Oppelia,  86^. 

Orbicular  silica,  7. 

Orbiculoidea,  653. 

Orbitoides,  137. 

Orbitolites,  125,  126. 

Orbulina,  132. 

OrchesHa,  557. 

Oretuter,  398. 

Organic  types,  succession  of,  96. 

Oriostoma,  775. 

Orophocrinus,  462,  463,  464. 

Orozoi,  514. 

Or/Aw,  658,  659,  66a 

Otihisina,  66x. 

Orthoceras,  836,  837. 
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Orthoceratida,  836. 

Ortkodtsma,  741. 

Orthomtma,  785. 

Ortkonoia,  741. 

Orthonychia,  765. 

Ortkoptera,  597. 

Ortkotetes,  663. 

Ortonia,  476,  477. 

Ostrtuoda,  503,  504,  505. 

Ostrea,  695. 

Ostreacea,  694. 

Ostreidte,  694,  695. 

Ovarian  capsoles  of  Graptolites,  213,  2x4. 

OvmlufHt  791. 

Oxynoticeras,  864. 

Pachastrella,  163,  164. 
Pttckydomus,  725. 
Pachypora,  314,  315. 
PtukypoterioH,  165. 
Paehypteria,  695,  699, 
PackyrismOt  736. 
Packyteickisma,  174. 
Pagurus,  565,  566. 
Palaacis,  306.  307,  309,  310. 
Paiaacnuea,  762. 
Palaanatina,  750,  751. 
PaUtarca^  jt/^ 
PaliBOster,  395,  396. 
PakeckinuSt  373,  375. 
Pakega,  559. 
Palagina,  206. 
Palainetckus,  567. 
PaUeoblattina,  591,  593. 
Pakeocamfa,  582,  583. 
Paktocans,  ^57,  561. 

PakeacarpiltuSt  567. 

PaUBOckorda^  483,  1482. 

Pakeocoma^  396,  397. 

Palaocoryne,  202, 

PalaocorysteSt  567. 

PakBocrangOH,  557. 

PaUBOcreusia,  499. 

PaUtocrinoidea,  423,  424,  425,  445. 

PaUeocyclida,  296. 

PaliEOcyclus,  280,  281,  296,  297. 

Palmocypris,  509. 

PakBocysHtes,  455. 

Palaodictyoptera,  592,  593. 

Pakeodiscus,  397. 

Paktomanon^  167. 

PakBomyrnux,  600. 

Pakeoneilo,  717. 

Pakeontina,  596. 

Palseontological  Record,  imperfection  of, 
63. 

Pa]aeontological  zones,  58. 

Falseontology,  relations  and  methods  of, 
8a. 

Pakgopakeimm,  563. 

Pakeopkimus,  578. 

Pakeopkycus,  483. 

Paktopinna^  709. 

Pakeopyge,  ^, 

Paktorckesita,  557,  561. 

Pakeosokn,  741. 


Pakisterina,  396,  397. 

Palastropecten,  398. 

PaUckifwidea,  372,  373. 

PaUsckara,  6x3. 

Palinurida,  (64. 

Palinurus,  505. 

Pa/udtna,  780. 

Paludiniike,  780. 

Panderia,  536. 

Pandora,  749. 

Panop<ga,  743. 

Panorpida,  598. 

Paolia,  C94. 

Paper  I^utilus,  881. 

Papyridea,  728. 

Parabolina,  531. 

Paradoxid4SB,  528. 

Paradoxides,  529,  530. 

Paralklodon,  713. 

Paramuricea,  300. 

Paranehalia,  512. 

Parapkolas,  745. 

Parasmilia,  270. 

/'arfcj,  554. 

Parkeria,  199,  200. 

Pasceolus,  186,  187. 

PatelUt,  762. 

Patellida,  762. 

Pauropus,  58X,  582. 

Pavonaria,  331. 

Pearly  Nautilus,  826,  827,  828. 

Pecten,  701. 

Pectinacea,  698. 

Pectinaria,  471. 

Pectinated  rhombs  of  Cystideans,  450, 

Pectxnida,  70a 

Peciunculus,  713. 

PedinopsiSt  383. 

Pedipalpi,  577. 

Pedunculated  Cirripedes,  500. 

Pelmatozoa,  364,  408. 

Peltarion,  778. 

Peltastes,  379. 

Peltocaris,  5x3,  515. 

Peltoceras,  868. 

Peltura,  531. 

Pemphix,  563. 

Pen  of  Cuttle-fishes,  872,  880. 

Penaus,  ^63,  564. 

Peneroplts,  124. 

Pennahikuea,  327. 

Pennatulida,  327,  331. 

Pentaceros,  ^93,  397,  398. 

Pentacrinicue,  441. 

Pentacrinus,  415,  441. 

Pentamerella,  672. 

Pentamerus,  671,  672. 

Pentatremiies,  462. 

Pentepkyttum,  464. 

Pentremites,  458,  459,  460,  461,  462,  463. 

PentremiHd<B,  463. 

Pentremitidea,  463. 

Perforate  Corals,  306. 

Perforate  Foraminifera,  121,  122,  130. 

PeriasteTt  2I90» 
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Peridtnium,  no. 
PerUchocrinuSt  4^6. 
Perifatms,  581,  582. 
Pertschodomus,  377. 
PerisckoechininUe,  373,  375. 
Peris fhinctes,  867. 
PerlidiB,  597, 
Pema,  704. 
Pemopecten,  701. 
Pemastrea,  697. 
Peroiulla,  179. 
Petraia,  365,  967. 
Petraster,  ^g6. 
Peiricolat  738. 
Phacofida^  541. 
Phacops,  541. 
Pkadra,  557. 
Phtnosckisma,  46a,  464. 
Phaodaria,  145,  Z4iS,  147. 
PhalangitUt,  577. 
Phalaranea,  580. 
PAofuroMOHta,  397,  398. 
PAarttrones,  178,  179,  180,  z8i. 
Pharetronida,  179. 
Pharetrosfongia,  181. 
Phasianella,  775,  776. 
Pkasmid4tt  597. 
Phillifsastnea,  984,  99a 
PhiUtpsia,  528,  543. 
Pholadidtg,  744. 
Pholadidea,  744,  745. 
Pholadomya,  751. 
Pholadamyida,  751. 
P holds  ^  745. 

Pholidophyllum,  383,  996. 
Phormosoma,  38a 
Phorus,  776,  777. 
Phosphate  of  lime,  15. 
Pkragmoceras,  840,  841. 
Phragmophora,  874. 
Phryganeida,  598. 
Pkrynidea,  579. 
Phrynus,  580. 
Phtkanocoris,  595. 
Phylactolaematous  Polyzoa,  613. 
Pkyllocarida^  513. 
Pkyllocercu,  858,  859. 
PhylioceraHda,  858. 
Phyllodocites,  484,  485. 
Phyllqgraptida,  330,  33i. 
Pkyllograpius,  330,  33x. 
Phyllopoda,  510. 
Phyllopora,  626, 
Phyiiosama,  564. 
PhylloteuthU,  88a 
Phymechinus^  383. 
PAyxfl.  814. 
Physophoridat  195. 
Pikemni  beds,  46. 
PiUolus^  777. 
Pileopsis,  764. 
Piloceras,  838,  839. 
PifuuoceraSt  858. 
Pinacoceratidat  857. 
Pinacopanit  338. 
Pinnat  709. 


Pinnaiopora,  637,  6a8. 
Pinnidtt,  709. 
Pirena,  785. 
Pisaniat  795. 
Pisidiumt  738. 
Pisocrinus,  43a. 
PlaconeUa,  167. 
Placoparia^  537. 
PlacatrockuSt  a66. 
Placltna,  697,  698. 
PlacurufHs^  698. 
Plagioptyckus,  73s. 
Plagiostofna^  700. 
Plofwlites,  483. 
PlanorHs,  8x4. 
Planorbulinat  133. 
Plasmofora,  338. 

Platyceras,  764,  765. 

PkUycktmia^  167. 

Platycrinidia,  437. 

Plaiycrinus,  427,  438. 

Platysckisma,  771. 

Platystoma,  765. 

PkUysirophui,  6|9,  66a 

PUctamdoniUs,  66a. 

PUctoderma,  173. 

PUsiastr€ea,  373. 

PUsiofun^idtB,  303. 

Plesiopontida,  305. 

PUsioUuthis,  880.  881. 

PlethospongUs,  160,  161. 

PleurobroMckida^  ^oa, 

PUurocera^  785. 

Plturocystites,  449,  451,  456. 

PUurodictyuMf  3x6,  317. 

PleurograpiuSt  3x6. 

Pleurtm^a^  74JB. 

PleuroHotus,  773,  774. 

Pleurope,  176. 

PUurophorus,  733,  734. 

PUuropygia,  649. 

PUurotoma,  799. 

PUurvtomaria,  765,  766,  767. 

Pleurotomariidct^  765. 

Pleurotomida,  799. 

Plicatocrinid4B^  44a 

Plicatocrinus,  44a 

Plicahtla,  699. 

Plintkosella^  \(rj, 

Plocoscyphia,  175. 

Plumaster^  399. 

PlumuliUs,  501,  503. 

Pluiania,  539. 

PociUopora,  344,  369. 

Pocilloporida,  s68. 

Podocyrtis,  148,  149. 

Podophthalmate  Crustaceans,  556,  559. 

Podoseris,  304. 

Podura,  Sgo. 

Pcecilaspia,  496,  50X 

Pcecilopoda,  546. 

Polir-schiefer,  33,  Z49a 

PoUicipeSt  503. 

Polychaetoos  Annelides,  470,  47X. 

Polycalia^  365,  367. 
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Polycope,  Vfi7,  508. 
Polycopida,  508. 
PoUcyphus,  383. 
PolycysHna,  145,  146,  147. 
PolypUuopkora,  8x6. 
Poiymorphina^  131. 
Polyphemopsis,  787. 
Polvpora^  634. 
Polystomella,  134. 
Polytremat  133. 
PolytremaciSt  335. 
Polytremaria,  706. 
Polyxoa,  604. 
Pontocypris,  509. 
PortxmSonites,  672. 
Porcellia,  767. 
Porcellio,  559. 
Porella^  637. 
Pontes,  31a 
PoriHda,  306,  309,  310. 
PorocidanSt  379. 
Porosffuera,  20a 
Posidania,  707. 
Poiidoniella,  706. 
Posidonamya,  jKyj, 
Potamides,  788. 
Poierioceras,  843. 
Poierioceratida,  843. 
Potericcrinida,  435,  436. 
Poteriocrinus,  418,  436. 
Prcearcturus,  559. 
PrxBeardiid4SBt  751. 
Pnecardium,  751. 
Prasina,  70a. 
Pnuopora,  351. 
Prestwichia,  55CX 
Primitia,  506,  507. 
Primnoa,  300,  331. 
Priofuutraa,  37a. 
Prodoscinat  616. 
Producta,  655,  656,  657. 
Prodiutella,  657. 
Productida,  655. 
ProeHd€B,  542. 
Proeius,  542. 
PragonoblatHna,  593. 
Propora,  338. 
Proscorpius,  578. 
Prosobraochiate  Gastropods,  76a 
Prosopon,  567. 
Prosoponiscus,  557. 
ProtackilUum,  167. 
Pnfiaraa»  306,  309,  311. 
Proiastert  404,  405. 
ProHchnites,  524,  525. 
Protobalanus,  499. 
Protocaris,  514. 
PnOocysHtes,  451. 
Protolimulus,  55a 
Protolycosa,  575,  580. 
Proiophareira,  184,  185. 
Protophasma,  594. 
Proiophiurida,  404. 
ProtoserU,  304. 
Protospangia,  157,  169. 
Protosycon^  179. 


Proiosyngnatha,  582. 
ProtoMoa,  109. 
Psammodia,  739. 
PsammoHida,  739. 
PsammocarctHMS,  576W 
PsewUutacuSt  564. 
Pseudaxonia,  326,  327. 
Pieudedmondia,  739. 
Pseudocrania,  6$/^, 
Pseudocrinus,  456. 
Pseitdodiademat  381,  382. 
Pseudofunfida,  273. 
Pseudomelania,  785. 
Pseudomelaniida,  784. 
Pseudomonotis,  703,  704. 
Pseudoneuroptera,  597. 
PseudoniscuSf  549. 
Pseudoscorfionidee^  577. 
PseuebturbinolidBet  266. 
Psilocephalus,  535. 
Psolus,  406,  407. 
Pterinea,  707. 
PUrocaris,  515. 
Pteroceras,  789,  790. 
Pteronites,  703. 
Pteropoda,  803. 
Pteropodal  limestone,  24,  805. 
Pterostoma,  781. 
Pteroiheca,  807. 
Pterygometopus,  541,  54a. 
PUrygotus,  552,  553,  5C4,  555. 
Pttiodtctya,  6a&,  629.  630. 
Ptilodicfyonidie,  628. 
Ptilograptus,  204,  205. 
Ptilonaster,  404,  405. 
PHlopora,  626. 
Ptychites,  862. 
Ptychitida,  861. 
Pfychoceras,  860,  86z. 
Ptychophyllum,  298. 
Pugiunculus,  807. 
Pulmonate  Gastropods,  8ia 
Puhuinulina^  133. 
^ar/a,  813. 
Purpura,  794. 
Purpurida,  794. 
Purpuroidea,  794. 
Pustulopora,  618. 
Pygaster,  384,  386. 
Pygaulus,  q88. 
Pycnogonida,  575. 
Pygoctphalus,  563. 
Pygurus,  q88. 
Pyramidella,  784. 
amidellida,  783. 
■  .  34a.  343- 

■»#M,  387. 
wAz,  792,  796. 

QuenstedHa,  740. 
Quinquetoculinat  124. 

Radiatctt  190. 
Radiolaria,  144. 
Radiolarian  oopioUtes,  148. 
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Radiolarian  ooce,  146. 
Radiolarian  quartzites,  147. 
RadioliteSt  734. 
Radiofora,  619. 

Rapana,  794,  795. 
RastriUs,  215,  3i6u 
Receptaculitest  170*  171,  173,  173. 
Receptaculitidat  170,  1563. 
Red  Coral,  397. 
Redania,  716. 

Reef-building  Corals,  256,  357. 
Regular  Echinoids,  378. 
Remopleurida,  538. 
RemopUurideSt  538. 
Reniera,  163. 
Renssekgria,  675. 
Repiaria,  617. 
Requunia,  730,  731. 
Retepora,  609,  6x0,  636,  637,  638. 
Reieporida,  637. 
Rettolites,  330,  ssi. 
RetioHHda,  319. 
iP«/«M,  666,  667. 
Rhabdoceras^  857. 
Rhabdocidarist  379* 
RhabdomesoHt  6^,  633. 
RhabtUmusonHda,  633. 
Rkdbdophora,  3x0. 
Rhabdopleura,  333. 
Rhaphtstoma,  767. 
Rhipidog^^,  273. 
Rhtzangia,  370. 
Rhiaocephala,  497. 
Rhizocrinus,  441. 
Rhizomarina,  164. 
RkiMopkyllumt  399,  301. 
Rhitopoda,  109. 
Rhizopotericn,  175. 
Rhitostomidm,  voib. 
Rhizostomites,  307. 
Rhodartea,  311. 
Rhodocrinuue,  438. 
Rhodocrinus,  419,  438. 
RhoichinuSt  377. 
RAomHna,  508. 
Rhowibopora,  6ia 
Rhopalastrum,  149. 
Rhyncholites,  828. 
Rhyncho/ulla,  6611),  670. 
Rkynchonellida,  669. 
Rhynchoporina,  670. 
Rhynchospira,  668. 
Rhynchota^  595. 
Rkynchateuthis,  838. 
Ribeiria^  5x1. 
Richmond  earth,  34,  1490. 
Rimula,  763. 
Ringicula,  801. 
Rissoa,  780,  781. 
Rissoida,  780. 
Rissoiruit  781. 
Robulina,  131. 
Rocks,  classification  of,  9. 
Roemeria,  319. 
Romingeria^  319. 
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Rosenella,  333. 
RastelUuHa,  790,  791. 
RoUUia,  133. 
Rotalid€B,  133. 
RudiskBt  733. 
Rugosa,  356,  363,  264,  276. 
RujuAniteSt  535. 
RusopAyctu,  535. 
RutoHa,  706. 

Sabeliat  471. 
Subellaria,  471. 
Saccammina,  106. 
Saccocoma,  444,  445. 
Saccocomida,  444. 
SMioeeras,  84CX 
SageceraSt  858. 
Sateniat  379. 
Salenida,  379. 
Salicomaria^  635. 
Salicomariada,  634. 
Salmacis,  383. 
Salpingostoma,  769. 
Satterella,  808. 
Sanguinolites,  750. 
5<w,  539,  53X. 
Saxiatva,  743,  744. 
Scalaria^  ;^z,  ;^3. 
Scalariida^  781. 
ScaliteSy  7^. 
Scalpellum,  503. 
Scaphander ^  803. 
Scaphiocrinus,  436. 
ScapkiUs,  868. 
Scaphopoda,  819. 
Scaraoteid^tt  6oi« 
SchtMosiert  390. 
SchtMoblastus,  463,  464. 
ScAitocraHta,  654. 
Schizodiscus,  511. 
ScAizodtts,  73a 
Schizopholis,  651,  652. 
Schizopoda,  560,  ^6x. 
Sckizoporella,  636,  637. 
Schizosioma,  771. 
Schloenbackia,  863. 
Schmidtia,  6ca 
ScinHlla,  73a. 
Scissurella,  775. 
ScJerv^orgiat  338. 
ScoUctda,  469. 
ScoUcoderma,  475. 
Scoliostoma,  783. 
Scolithus,  481. 
Scorpiodea,  577. 
Scorpion.  573.  574,  577. 
Scorpion-flies,  598. 
Scrwicularia,  748. 
ScrobiculariidiBt  747. 
Scrupoceliaria,  634. 
Scutda,  563. 
ScuUUa,  369,  385. 
Scyliarus,  565. 
S«i-anemones,  341. 
Sea-cucumbers,  406. 
Sea-urchins.  36(S. 


Digitized  by  LjOOQ  IC 


^   1  l/l/-^l>^ 


INDEX. 


1589 


Sedimentary  rocks,  origin  of,  11. 

SeUnaria^  638. 

Selenariida,  638. 

SeliscotAont  164,  z66. 

Stmele^  748. 

Semicoicinium^  625. 

Sepia,  879,  880. 

Sepiophora,  874,  879. 

Septastraa,  246,  272. 

Stpeifer,  7x1. 

Stptopora,  628. 

Seraphs,  790. 

SericUopora,  262,  268,  269. 

Serpula,  471,  472,  473. 

Serpulites,  475. 

Sertularida,  203. 

Sessile  Cirripedes,  497,  499. 

Sestrostomella,  180. 

Shumardia,  545. 

Sialida,  598. 

SigareiuSt  779. 

Siliceous  organic  deposits,  32. 

Silicification,  7. 

SiliciiponguB,  i6a 

Siliqua,  740. 

Siliquaria,  783. 

SifMoceras,  868. 

SipAonaria,  815. 

Stpkonariida,  815. 

Siphonate  Bivalves,  691,  692. 

Stfkonia,  167.  z68. 

Stphonodentalium,  82a 

Siplionostomatous  Gastropods,  760,  761. 

Sifhonotreta,  652. 

Sitnidium,  660,  66z. 

Slimonia,  555. 

Smilotrochus,  266. 

Smitkia,  29a 

SmitHa,  637. 

Smrntkurus,  592. 

Solanocrinus,  443. 

Solariida,  774. 

Solarium,  774. 

Solaster,  393,  397,  399. 

Solecurtus,  740W 

Solemya,  748. 

SolemyiiUe,  748. 

50^,  740. 

SoUnida,  740. 

Soleniscus,  785. 

Solenopora,  200.  201. 

Solenopsis,  741. 

Scwerbya,  739. 

StatangtdcB,  389. 

Spatangus,  390. 

Spathiocaris,  852. 

^tueractinia,  199. 

Spkareckinus,  383. 

Spharexochus,  537. 

Spharium,  738. 

Spharonites,  454. 

SpAarospangia,  173,  1564. 

SplutruliUs,  734. 

Sphenaulax,  174. 

Sphenotrockus,  266. 

Spkinx,  599. 


Spirialis,  805. 
Spirifera,  664,  665 
SfirtferiiUe,  664. 
Spinfirina,  665, 
Sfingtra,  666. 
Spinllina,  133. 
Spirocyatkus,  184. 
Sfiropora,  618. 
Spirorbis,  472,  473. 
Spirula,  873,  875. 
Spirulida,  875. 
Spirulirosira,  878. 
Spoitdylida,  698.      . 
Spondylus,  698,  699. 
Spongilla,  158. 
Spongillida,  15c. 
Spongillopiis,  103. 
Spongites,  i6z. 
Spongofkyllum,  286. 
Sporaaopora,  225,  229. 
Sporadofyle,  174. 
Spumeuaria,  145,  147. 
Squiila,  562. 
Stackeia,  129. 
Stapkylinida,  601. 
Stauractinella^  168,  174. 
Stauria,  264,  273. 
Stavrida,  273. 
Staurocepkalus,  537. 
Stauroderma,  174. 
SiaurodermitUr,  174,  176. 
Staurofuma,  176. 
Sielidiocrinus,  427. 
Stellaster,  398. 
Stellispongia,  180. 
Stenaster,  396. 
Stenocrinus,  434. 
Stenopora,  350. 
Stenosckisma,  671. 
SUpkanastrum,  149. 
Stepkanoceras,  866. 
Stepkanocer€Uid<B,  865. 
Stepkanopkyllia,  308. 
Stereoplasma,  245. 
SHctopora,  63a 
Stictoporidm,  630. 
StolicMkaria,  027,^228,  229. 
Stomatta^  770. 
Stomatiida,  770.   ' 
Stomatopoda,  |6i. 
Stomatopora,  6x6,  617. 
Siomatoporida,  616. 
Stomeckinus,  383. 
Stone-flies,  597. 
Straparollus,  770,  771. 
Strata,  contemporaneity  of,  46. 
Streblopteria,  70a. 
Strepkocketus,  127. 
StrepHptera^  6oa 
Streptelasma,  278,  279,  280. 
Streptorkynckus,  663. 
Strtatofora,  315. 
Strickiandia,  672. 
Siricklandinia,  672. 
Stringpcepkalidig,  676. 
Siringocepkalus,  676,  677. 
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StroHlepiSt  ^oi. 
StroHiocysHtes,  453. 
Stromatactis,  21. 
Stromaiopora,  235,  236,  237. 
Stromatoportlla^  336,  337. 
Strotnatoforoidea,  339,  1564. 
Strombuue,  789. 
Strombodes,  387. 
Strombus,  789. 
SirongylocentrotuSt  383. 
Strophalosia^  657. 
Strophomena,  659,  660,  661,  66a. 
StrophomenitUt,  658. 
StrophostyluSt  765. 
-S/ri^Vta,  535- 
Stylartea^  3x1. 
Stylaster,  335,  336. 
StylasUrida^  335. 
Sfylina,  373. 
Styliola,  805. 

Styliola-limestone,  805,  806. 
Stylodictya,  148,  149. 
Stylommatophora,  811. 
Styhnurus,  554.  555. 
Stylophora,  344,  345,  368. 
SubuliUs,  786,  787. 
Subulitida,  786. 
Suooession  of  organic  types,  96. 
Succinea,  813. 
Sutsnat  665. 

Sulcator,  burrows  of,  488. 
Sulcuna^  508. 
Sulphate  of  lime,  14. 
Sycon,  179. 
Sycones,  179, 
Syconidat  i79«^ 
SymbatkocrinidiBt  433. 
Symbaihocrinust  433. 
Synapta^  406,  407. 
Synaptychus,  851. 
Synhelia,  367,  368. 
Synocladia,  638. 
Syringamminat  137. 
SyringoHteS,  318,  319. 
Syringophyllum,  333. 
Syringopara,  319,  331,  333. 
Syringoporida,  319,  330.  331. 
Syringosphatra,  aaj,  339. 
SyringospluBrida,  339. 
SyringothyriSt  665. 

Tabulate  Corals,  364. 
Taniaster,  405. 
Talitrus,  556. 
Tancredia,  739. 
ToHcredidat  739. 

2>^J.  737. 
Taxocrintda,  431. 
Taxocrinus,  431,  445. 
Tectibranchiate  Gastropods,  800. 
Teichonida^  179. 
Tellina,  747. 
Tellinacea^  j^j, 
TellinidiB,  747. 
TelliMffn^at  716,  717. 
TemnechinuSt  383. 


Temnocheilus,  846. 

Tembrionida,  601. 

Tentaculiies,  808,  809.  8ia 

Ttnteuulitida,  806. 

Terebellum,  79a 

Terebra,  799. 

TerebraUlia,  675. 

TertJfratula^  673,  674. 

Terebratulida^  673. 

Terebratulina,  674. 

Terebrida,  799. 

7cK€bnn>stfttf  675" 

Teredina,  745, 

Tered%nid4B,  745. 

Teredo,  745,  746. 

Termites,  597. 

Terquemia,  699. 

Tessellate  Crinoids,  433,  434. 

Testacelia,  81  x. 

Testacellida,  81  x. 

Tethya,  163. 

Teihyopiis,  164. 

Tetrabranchiate  Cepbalopods,  836. 

Tetracidaris,  378,  379. 

TetrcLcladina,  165. 

Tetracoralla,  376. 

TeiracHnelHdiB^  163. 

Tetradiida,  34a 

Tetradium,  340,  341. 

Tetragonis,  173. 

Tetragraptus,  3x7. 

Tetraprionidian  Graptolites,  33a 

Textularia,  130. 

Textularida,  133,  X3a 

Thalaminia,  199. 

ThaUusicolla,  144. 

Tkalassolampe,  144. 

Tkamnagraptus,  305. 

Thaumatocrinus^  438,  443. 

TAat/i,  807. 

Thecaphora^  197,  303. 

Thecia,  333,  333. 

Thecuke,  333,  333. 

Thecidea,  678. 

Thecidiida,  677. 

Thecidium,  677,  678. 

Thecocyathus,  366. 

TAecopsammia,  308. 

Thecosmilia,  370,  373. 

Thecosomatous  Pteropods,  803,  804. 

Thecostegites,  333. 

Thelypfumus,  580. 

Theonoida,  63a 

7%e/w,  738. 

Thinning  out  of  beds,  73. 

ThiolliericrinuSt  443,  443. 

Tholiasterella,  178. 

Thoracica  {Cirripedia),  497. 

Thoracosiraca,  559. 

Thracia,  749. 

Thyonidium,  406,  407. 

TAysanura,  593. 

Tiaracrinus,  453. 

Tinoporus,  133. 

Titanopheuma,  594. 

7'»(y«J.  579- 
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Tomatella,  8oi. 

TomateUida,  8oa 

Toulminia,  175. 

Taxoceras,  869. 

Trachyceras,  857. 

Trachyderma^  475. 

Trachymedu5€Bt  205. 

TrachynemidtBt  206. 

Trachynemites,  ao6. 

Trachypora,  315. 

Tracks  of  Annelides  and  Molluscs,  480. 

484. 
Trapezium^  736. 
TremaboliieSt  175. 
Tremacystia,  z8o. 
Tretnadiciyon,  174. 
Tremanotuj,  769. 
Trematis,  651,  653. 
Trematodiscus,  149,  846. 
Tremaiaspira,  668. 
Tretenteraia  {Brackiopoda),  649. 
Triacrinus^  43a. 
TrUtna,  600. 
Triarthrus,  53a. 
TrichiUs,  710. 
TrickofUra^  597,  598 
Tricastocrinus,  463. 
Tridacna,  727. 
TridacniiUgt  yvj, 
Triforis,  789. 
Trt^elliUs,  851. 
Trt^onia,  719,  7aa 
Trt^oniida,  719. 
TrtgonoduSt  722. 
Trigonosemus,  675. 
THloHta,  516. 
Trinurella,  654,  655. 
TrimerelUd4B,  654. 
TrimerocephaluSt  541. 
TrinucUieUgt  544. 
TrinucUus,  544,  545. 
TripUsia,  670. 
Tripoli,  33,  1490. 
Tnvia,  791. 
Triton,  793. 
Tritonium,  793. 
Tritoniida,  792. 
Trochammiva,  129. 
Trochida,  774. 
Trochobolus^  174. 
Trochoceras,  844. 
TrochoceraHd<B,  844. 
Trochocyathus,  266. 
TrochocysHtes,  451. 
Trocholites,  844. 
Trochonema,  776. 
Trochoseris,  304. 
Trachosmilia,  270. 
Trochotama,  j&;, 
Trochus,  774. 
Troostoblastida,  463. 
Troosiocrinus,  463. 
TrophoH,  796. 
TropidasUr,  399. 
TropidoUptus,  661. 
Tropites,  856. 
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Tropitida,  856. 
Truncatelia,  786. 
Truncatellida,  786. 
Truncatulina,  133. 
Tryblidium,  762,  763. 
Tubicolous  Annelides,  471. 
Tubifara,  326,  328,  329,  330. 
Tubtporida,  326,  328. 
Tubularian  Zoophytes,  197. 
Tubulipora,  616. 
Tubultporida,  6i6. 
Tubulosa,  264. 
Tudicla,  796. 
Tunicata,  603. 
Turbinaria,  31a 
Turbinella^  795. 
Turbinidte,  775. 
TurHnolia,  266. 
Turbinolid€B,  26^ 
Turbo,  77S. 
Turboni/ia,  784. 
Turricula,  797. 
TurriUpas,  500,  501,  50a. 
TurrilUes,  860,  861,  862. 
Turritella,  782,  783. 
TurritellidtB,  782. 
Tylosioma,  779. 
7>^Am,  796,  797. 

Umhonium,  775, 

Umbrella,  802. 

f/««/!w.  667,  668. 

Unconformability  of  strata,  69,  7a 

Ungulina,  739. 

Ungulinida,  738. 

UuicardiidcB,  739. 

Unicardium,  739. 

f/«w,  721. 

UnionidcB,  720. 

Unitrypa,  626. 

Uraster,  399. 

Urasterella,  ^^. 

Urda,  559. 

VagiHulina,  131. 

Valenciennesia,  815. 

Vahata,  78a 

Valvular  pyramid  of  Cystideans,  449. 

Valvulina,  129. 

Vanikoro,  779^ 

Vanuxemia,  714. 

VekUes,  tjj, 

VeluHna,  765. 

Velutinidce,  765. 

Venericardia,  723. 

Venerida,  737. 

Venerupis,  737. 

Ventriculites,  175. 

Ventriculitida,  174,  175. 

Venus,  737. 

Vermes,  468. 

Vermetida,  782. 

Vermetus,  783. 

Vermilia,  472. 

Verruca,  499,  50a 

VerrucidcBf  499. 
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Verrucoeeelia,  174. 
Verruculinat  167. 
VerticiUites,  i8a 
VesHnautilus,  846. 
Vetulina,  165,  167. 
Vincularia,  ^5. 
yi/iculariidttt  635. 
^fAz,  163. 
Vivipara,  780. 
Valuta,  797. 
Volutida,  796. 
Voluiilithes,  797. 
Voluiomitra,  797. 
Vulsella^  703,  704. 

Waldksimia,  643.  645,  646. 
Websteria,  328. 
White  Ants,  597. 
WilUmoisia,  564. 

Xanthilites,  567. 
Xantho,  567. 
Xanthopsis,  567. 
Xenaster,  397. 
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Xemmeura,  594. 
XcfiophoTC,  77^* 
Xenophoridig,  776. 
Xipkosura,  5461 
Xtphoteuihis,  878. 
XyloHus,  584,  585. 
Xylophaga,  745. 
Xylcphagella,  745. 

Yoldia,  717. 

Zaphrenfida,  294. 

Zaphrentis,  247.  263,  277.  261,  982.  283. 

293.  a94- 
Zaphrentoidea,  284.  293. 
Zeacrinus,  436. 
ZeilUria,  674. 
Zethus,  539. 
ZoaniAaria,    261;     Z.     malacodermaia, 

263 ;  Z.  scUrobasica,  363 ;  Z.  xUroder- 

mata,  363. 
Zonites,  812. 
Zoocapsa,  499. 
Zygospira^  669. 
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Abderiies,  ia68. 
Acanthaspis,  965. 
Acanihias,  999. 
Acanihobatis,  934. 
Acanthodea,  965. 
AcantModerma,  1015. 
AcanikodeSt  966. 
Acanthodida,  966. 
Acanthodopsis,  966^ 
AcanthoUfis^  965. 
Acanthopnolis^  1161. 
Acanthopleurus,  Z015. 
Acanthopsis^  1000. 
Acanthopterygii,  1005. 
Acanthurus,  loio. 
Acanus,  1013. 
AccipUres,  1239. 
AcdesHs,  1268. 
AcentrophoruSt  989. 
Acerat/Urium,  1367. 
Acfuenodon^  ^S^S' 
Acheloma,  1039. 
Achelonia,  1103. 
Achyrodon,  1276. 
AcichelyidtB,  iioa. 
Acichelysy  Z103. 
Acifenser,  975. 
Actfenserid^,  974. 
Actfenseroidea,  974. 
Actprion,  1139. 
Acodus,  92 1. 
Acomys,  1418. 
Acotherulttm,  1332. 
Acrodus,  942. 
Acrogaster^  loii. 
Acrognathus,  994. 
Acrolepis,  978. 
AcroHurida,  loio. 
^^rarawrwj,  1137. 
Acrotemnus,  984. 
Acteosaurus,  1143. 
Actinobatis,  933. 
Aciinodon,  1031. 
AdapiSt  1466. 


Addax,  1348. 
Adenoderma,  1025. 
Adeotherium^  1329. 
Adifosorex,  1459. 
Adtfosoricida,  1459. 
Adtpasoriculus,  1459. 
AdocidcB^  1x06. 
Adocvst  1 106. 
Adriasaurus,  1139. 
^chmodus,  982. 
Ailurutis,  1446. 
jElurodon,  1433. 
^lurogalc,  1446. 
jEluropsiSy  1445. 
^lurosaurus,  1058,  1569. 
^lurus,  143a 
AiolodoH,  1 1 89. 
AEpichthys,  1009. 
^pyomis,  1225. 
yEpyomithts,  1225. 
ySfyomithida,  1225. 
ASpyprymnus,  1286. 
^^fysauruSf  1179. 
yEthalioHt  989. 
Aetobatis,  936. 
Aifosauria,  1182. 
Aetosaurida,  11 82. 
AtiosauTus,  1137,  1182. 
Agama,  1139. 
Agamida,  1139. 
Agassizia,  989. 
AgathaumaSt  1154. 
Aglossa,  1043. 
Agnopterus,  1238. 
Agomphus,  1 106. 
Agriochcgrus,  1338. 
Aipichthvs-Aipichtkys, 
Atstopoda,  1024. 
Alacktherium,  1424. 
Alactaga,  1416. 
Alastor,  1461. 
Alaudida,  1242. 
Alauda,  1242. 
y4i!f<i,  1232. 
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AUedinida,  ia4X 
Alcelaphus^  i347< 
AUes^  1341. 
Alcid^e,  1332. 
A  lector  ides,  1233. 
AUtomis,  1233. 
Alligator,  1196. 
AllodoH,  127a 
Allolepidotus,  982. 
AUomys,  142 1. 
AUopUuron,  izi6. 
^/&5frj,  1374. 
AllosauruSt  xi68. 
Alopecias,  945. 
Alosa,  g^ 
Alytes,  1043.  ^• 
Amblotherium,  1276. 
Ambfyctonus,  1453. 
AmblypharyngodoHt  ioot. 
Amblypoda,  1383. 
Amblypristis,  931. 
Amblyptents,  ^8. 
Amblyrhita,  1415. 
Amblystoma,  1041. 
Amblyurus,  983. 
Amia,  991. 
AmiidcB,  990. 
Amioidea,  988. 
Amiofsis,  991. 
Ampkibamus,  1024. 
Amphibia,  1018. 
Amphicetus,  1304. 
Amphichelydia,  1091. 
Amphicaslias,  1173. 
Ampkicotylus,  1191. 
Amphictis,  1438. 
Amphicynodon,  1436. 
Ampkicyon,  1434. 
Amphidozotherium,  1458. 
Amphietnys,  1106. 
Amphilestes,  1274. 
Amphiferatherium,  1281. 
Ampktflaga,  1014. 
Amphtrana,  1044. 
Amphisaurus,  iz66. 
Amphisile,  1005. 
Amphisorex,  1457. 
Amphistium,  1008. 
Amphitheriida,  1273. 
Amphitherium,  1276. 
Amphitragulus,  1338. 
Amphitylus,  1274. 
Amphiuma,  Z041. 
Arnphodon,  998. 
Amynodon,  1365. 
Amynodontidcs,  1365. 
Anacanthina,  icx>3. 
Anacodon,  1382. 
Anapterus,  looi. 
Anaptomorphus,  1467. 
Anas,  1236. 
Anatida,  1236. 
Anchilophus,  1358, 
AruhifpodontidcB,  1408. 
Anchtppodus,  1408. 
Anchippus,  1359. 


Anchisaurida,  1166. 
Anckisaurus,  1166. 
Anckitherium,  1358. 
AncistrodoH,  ioz6. 
Ancylopoda,  1373. 
Ancylotherium,  1373. 
Andrias,  1041. 
Anenchylum,  loia 
Anguidct,  1140. 
Anguilla,  1002. 
Anguis,  zz4a 
Angatisaurus,  1137. 
Anisodexis,  1032. 
Anisolophus,  Z359. 
Anisonchus,  1380. 
Ankistrodon,  XZ67. 
Anomalichtkys,  965. 
Anomodontia,  Z053,  1569. 
Anoplonassa,  1308. 
Anoplosaums,  iz6z. 
Anoplotheriida,  1328. 
Anoplotherium,  1328. 
Anostira,  ZZ05. 
Anser,  X236. 
Anseres,  Z236. 
Anthodon,  1056. 
AntAracosaterida,  1033. 
Antkracosaurus,  1034. 
Antkracotheriida,  13^24. 
Antkracotkerium,  Z324. 
Antkropoidea^  1468. 
Antkropopitkecus,  1^70, 
Antilocapra,  Z345. 
AntilocapridcB,  Z345. 
Anttlope,  Z347. 
Apateon,  X024. 
Apaleonida,  Z024. 
Apatomis,  1229. 
Apatosaurus,  ZZ73. 
Apkanapteryx,  1233. 
Apkelopkis,  1x47. 
Apkelops,  Z367. 
Apkelosaurus,  XX37. 
Apkelotkerium,  Z466. 
Apkolidemys,  ZZ05. 
Apkrodedirida,  X0Z4. 
Apkrodedirus,  ZOZ4. 
Aplax,  1x03. 
Apocopodon,  936. 
Apoda,  1039. 
Apogon,  ZOZ3. 
Aptenodytes,  X232. 
Apterodon,  1453. 
Apteryges,  Z225. 
Apterygidce,  1225. 
Apteryx,  Z225. 
Aptomis,  1233. 
Aquila,  1240. 
yira,  Z24Z. 
Arapaima,  999. 
ArduBlurus,  Z446. 
Arckteobatis,  935. 
Arckceobelus,  zo6o. 
Arckaoceti,  Z304. 
ArcktBockelys,  1093. 
ArckcBomys,  Z4x6. 
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ArchaopUrygida^  laai. 
ArcktBopteryx,  laai. 
ArcluBotherium^  1323. 
Archaus,  1008. 
ArchegosauridtBt  1029. 
Arche^osanruSt  103a 
Archtchthys,  971. 
ArctocyoH,  1453. 
ArctocyonidiB,  1453. 
Arctodus,  1429. 
Arctomys^  i4fla 
Arctosaurus,  1166. 
Arctotherium,  1432. 
y4n£ra,  1238. 
Ardeida,  1238. 
./4n^40Ofa»ruj,  1x37. 
Argala^  12^8. 
Argillochelyst  11 15. 
Argillomis,  1239. 
Argillotherium,  1453. 
Argyriosus,  loio. 
AristasuckuSf  1169. 
Arius,  1002. 
Arttodacfyia,  1313. 
Arvico/a,  1417. 
Asima,  1013. 
Asineopid€B,  1014. 
Asineofs,  1014. 
Asiantdtg^  1240. 
Aspidichihys,  965. 
Aspidoplevrus,  997. 
Aspidorhynckidit^  987. 
Aspidorhynchus,  987. 
Aspius^  1000. 
Asteracantkus,  943. 
Asterodermus,  933, 
Asterodon,  986. 
Asterolepididat  962. 
AsteroUpis,  962. 
Asterospondyli,  937. 
AstkenodoH,  1276. 
Atkecata,  1088. 
Atkerina,  zoo6. 
Atkerinida,  1006. 
Aikerstonia,  x. 
Atkerura,  1415. 
Atkrodon,  985. 
Atlantockelys^  1090. 
Atlantosaurida^  ii73- 
AtlantoMurus,  1x73. 
AtoposauruSt  1148. 
Attakeopsis,  989. 
Auckenaspis,  961. 
Auckenia,  1335. 
Aucktno£lanis,  looi. 
Aultuockelys^  1118. 
Au/axinuSt  1469. 
Auliscops,  1005. 
Aulolepis,  994. 
Aulostama^  1005. 
w4t«j,  1208. 
Axestus,  1118. 

BaHrusa^  1321. 
Backiikeriumt  1333. 
Baiua,  1093. 


Bainida,  1093. 
Bagariust  1002. 
Balana,  1302. 
Bal<Bnid€Bt  1302. 
Baleenodofit  1305. 
BaUtnoptera^  ^303* 
BaUtnotuSt  1302. 
BaUenula^  1302. 
Balistes,  1015. 
Balistidett  10x5. 
Bapketes,  1033. 
Bapianodon,  1127. 
Baptemys,  1106. 
BaptosauruSt  1145. 
Batagur^  worj. 
Baikmodon^  1387* 
Batkygnatkvs^  xi66. 
Batkyopsis,  1388. 
BatrtukiderpetoH,  1024. 
Batrackosaurus,  Z137. 
Batrackus,  1044. 
Bdelostoma,  923. 
BeUmnodaiis,  933. 
Bellia,  1108. 
Belodon,  11 83. 
Belone^  1000. 
Beionorkynckida,  988. 
BtlonorkynckuSy  988. 
Belanostomus,  987. 
Benedenius^  979. 
Bemissartia,  X191. 
Berycida,  loio. 
Berycopsis,  loii. 
Beryx,  loii. 
Bettongia,  1286. 
Bison,  1351. 
i9«'/i>,  1x48. 
Blastameryx,  1342. 
BUnniid€g,  1006. 
Blockius,  997. 
Boavus,  XX47. 
Baida,  X147. 
Bolodon,  1270. 
Bolodontida,  X270. 
BolosauHdcBf  xo6o. 
Bolosaurusy  xo6o. 
Bombinator,  X043. 
BodtkeriuMt  135a 
-5w,  135 1. 
Boselapkus^  1348. 
Botkrtmys,  X099. 
Botkriceps,  X033,  x. 
BotkriotepiSf  962. 
BoikriosponidyluSt  XX76. 
Botkrolabis,  X322. 
BotropkiSt  1x47. 
Bovida,  X345. 
Brcukycyon,  X434. 
BrackydecUs,  1191. 
BrackydiasUmatotkeriumt  X373. 
BrackydiruSt  964. 
Brackymyst  1419. 
Brackyopi,  1032. 
Brackytkerium,  133a 
Bradypodida,  1299. 
BradyptUt  130a 
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Bramaiherium^  1344. 
Branchiosauria,  1023. 
Branchiosauridm,  1093. 
Bratichiosaurus,  T033. 
Britko^,  1061,  1570. 
BrontopSt  1374. 
Brontosaurus,  1173. 
Brontotkerium,  1374. 
Bubalus,  135a 
.^M^,  1341. 
Buca^a,  1350. 
Bucerotid€g,  1243. 
BtuklaHdium,  looi. 
Bufavus,  1043. 
^1^,  1044. 
Bufonid€g,  1043. 
Burtinopns,  1303. 
Bttteo,  1340. 
ByiuHnus,  951. 

Cacaiuida,  1341. 
Cadurcotkerium,  1365. 
Canopithecus^  1466. 
CtBHotheriidat  1330. 
CiBHotherium,  X330W 
Gxf'maif,  Z196. 
CalatruigruSt  1147. 
Calaim^n,  141a 
CalamodonHda,  141a 
Calamoickthys,  974. 
CalamopUurus,  1005. 
Calamospondylus,  1170. 
Calamostoma,  10x4. 
Callipieryx,  loorj. 
Calltthnx,  1469. 
Calhphoca,  1433. 
Callopristodus,  930. 
Calhrhynckus,  950,  951. 
Camarasaurus,  1173. 
Camaxelus,  1333. 
Camelida,  1334. 
Camehpardalis,  1343. 
Canulus,  1335. 
Campodus,  941. 
Camptomus,  1268. 
Camptonotus,  1159. 
CamftOMunts,  1x59. 
Cantda,  1430. 
Ca»iV,  1435. 
CanoHus,  978. 
Capitodus,  1013. 
Capitosaurus,  X036. 
Ca/rfl,  1349. 
Capnolus,  X342. 
Caprovis,  i3Sa 
Carangid^g,  1008. 
Carangopsis,  loxa 
Caranx,  loxo. 
Carcharias,  946. 
Carchariida,  946. 
CarvAarodon,  945. 
CarcharopsiSt  944. 
Cardiatfurium,  14x4. 
Cardiodoftt  1x77,  I4Z4* 
Cardiomys,  14x4. 
Cartttochelyida,  ixoi. 


CareUockelys,  hot. 
CariacuSt  1343. 
CarinaUt,  1339. 
Carine,  1341. 
CarunUrma,  X395. 
CamivorUt  X4ax. 
Carterodon,  14x5. 
Castor^  Z4I9' 
Castorid€B»  X4X9. 
Ciutoroides,  14x5. 
Castorndida,  i4Z5. 
Casuariida,  1338. 
Catapleura,  X138. 
CatarracteSt  1333. 
CcUhartes,  1339. 
Cathartida,  1339. 
CatopUrus,  983. 
CtUurida,  989. 
Cahirus,  989. 
Caudata,  X039. 
Caulodon,  1x76. 
Cavia,  1413. 
Caviida,  14 13. 
Cayluxotherium,  1456. 
CeHda,  1469. 
Cebochctrus^  1332. 
Cebus^  Z469. 
Cenerodus,  986. 
Centetodofit  1459. 
CentracodoHt  i459> 
Centrina,  939. 
Ceniriscida,  zcx>5. 
Centrolefis,  978. 
Cenirofkorus,  938. 
Cephalaspideat  959^ 
Cephalaspididee,  961. 
Cephalaspis,  961. 
CephahgaUt  i434« 
Cephalopus,  X347. 
Ceraierpeton,  1035. 
Ceraiochelys,  xxoi. 
CtratodontidiBt  953. 
Ceratodus,  953. 
CeraiophrySt  1044. 
CeratopitUg,  1x63. 
CeratopSt  1x63. 
Ceratoptera,  936. 
Ceratosauria,  xioi. 
Cercopithecida,  1461^ 
Cereopsis,  X336. 
Cervaon,  14x3. 
CervalceSt  134  x. 
Cervida,  X336. 
Cervulusy  1338, 
Cervus,  1338. 
Cestracum,  943. 
CestraciontCdtB^  940. 
Cetacea,  X300. 

CetharthrosauruSt  1129,  1146. 
CeHosaurida^  1x77. 
Cetiosaurust  1178. 
CetorktHus,  946. 
Cetotheriophanes,  1303. 
Cetotherium,  X303. 
Cetuba,  1241. 
ChatodontukBt  10x3. 
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Chaibassia,  1109. 
Chalicomyst  1420. 
ChalicoiheriuLt^  '373. 
Chalicotherium,  1373. 
ChameUofit  1143. 
ChameieoHtid4g,  1142. 
Champsodelphis^  13/06. 
ChampsosauricUg,  1133. 
Ckampsosaurus,  1133. 
Chanos,  99c. 
Charadriidcgt  1233. 
Charadrius,  1233. 
Chauliodontia,  1033. 
CMauna,  1237. 
Ckelodina,  iioa 
Ckelone,  1115. 
Ckelonemys,  1098. 
Ckelonia,  Z082. 
Ch^lonitUe,  iiii. 
Chelonides^  1097. 
Clulotriton,  1041. 
ChelydosauruSt  1031. 
Chehdra^  1104. 
Ckelydrida,  1104. 
Ckelvdropsis,  X105. 
Ckelyid^,  zxoa 
Cheivs,  I  TOO. 
Chtlythtrium^  1096. 
Chenornis,  1237. 
Chilonyx,  1060,  1570. 
Ckiloscyllium,  944. 
ChinuBra,  950. 
Chimarida,  95a 
Chimeroidei,  949. 
ChimeropsiSt  951. 
Chinchillida,  1414. 
Chiracanthus,  966. 
Chirocentrida^  999. 
Chirocentrites,  995. 
Chirocentrus,  994. 
'Chirodopsis,  979. 
Chirodus,  979. 
ChiroUpis,  977. 
ChiromySf  1464. 
Chiromystus,  999. 
Chironectest  1280. 
Chiroptera,  1459. 
Chirosaurus,  i(^. 
Chirotherium^  1038. 
Chirotkrix,  1006. 
Chirox,  1269. 
Chitra,  11 18. 
Chitracephalus,  1098. 
ChlamydosauruSt  114a 
Chlamydoselache,  938. 
ChlamydotheriutHt  1293. 
Cha^nohyus,  1321. 
Chaertmeryx,  1333. 
Ckaeromorus,  132 1. 
CkxropoiamidiBt  1322. 
CharopotamuSt  1323. 
ChoUtpus,  1300. 
Chonarefuhelys,  tyarj, 
ChondrosteuUB^  976. 
ChondrostetUy  976. 
Choneziphius,  Z3061 


Ckriacus,  1453. 
Chromid€Bt  1005. 
Chronoummt  131 1. 
Ckrysemys,  1107. 
Chrysichthys,  1002. 
Chrysofkrys,  1012. 
Ciconttda,  1238. 
CimolesUs,  1277. 
Cimolichtkys,  998. 
CimoliocAelys,  iii6. 
Cimoliomvs,  1268. 
Cimoliophis,  1x46. 
Cimoliomis,  120Z. 
Cimoliosaurus,  lorjy,  157a 
Cimolodon^  1268. 
Cinoitemida,  1x05. 
Cinastemum,  XX05. 
Cianodan,  X154. 
Circus  t  124a 
Cirognathui,  1064. 
CistecefJkalus,  1064. 
CistuaOt  1 108. 
Cladiodon,  1x67. 
Cladoeyclus,  1006. 
Ckidodoniida,  927. 
Cladodus,  927. 
Clarias,  1002. 
CZlfj/£f ,  988. 
Clemmys,  1108. 
ClepsydropidtB,  X059. 
CUptydrops,  1059. 
CUfsysaurus,  X166. 
Clidastes,  1143. 
ClimuLtius^  ^brj. 
ClimaxoduSt  929. 
Clinodactyia,  X3XX 
ClithroUpis,  983. 
air/«.  995. 
Clupetda,  994. 
Cnemiomis,  X236. 
CoiiHs,  xooa 
Cobus,  1347. 
Caccodernutt  974. 
Coccodus^  985. 
CouoUpis^  978. 
CoccosUtda,  964. 
Coccosteus,  964. 
CockUosaurus^  X03Z. 
CochJiodontida,  gjg. 
Cochiiodus,  94a 
Cocyiinus,  1027. 
Coflacanthida,  972. 
Coflacanthus,  973. 
Coflodon,  1299. 
Calodus,  984. 
Catlogaster,  995. 
Ctelogenys,  X414. 
Catlorh^ncAus,  952,  xoio. 
Ctelurtda,  xi7a 
Cctlums,  117a 
Ctf^,  1305. 
Coiohu,  1469b 
ColanoceroSt  1653. 
Colonodus,  969. 
Col4momys,  X4X9. 
ColortodoH,  X328. 
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ColossockefySt  mo. 
ColfodoK,  1377. 
Colubrid^^  1 146. 
Columba,  1234. 
Columba,  1234. 
Columbid4B,  1234. 
Colymboides,  1232. 
Colymbosaurus,  1077. 
CoIymbuSt  1232. 
Comphotherium,  1456. 
Compsemys,  1105. 
CoMpsognathida^  1169. 
CompsogruUhuSt  X169. 
Conchiasaurtu,  1072. 
Conckodus,  957. 
Conckofotna^  955. 
Condytartkrat  1378. 
Corupatus,  1428. 
Contasaurus,  1139. 
Conodonts,  921. 
CoHoryctes,  1453. 
Contracaviat  141 3. 
Corax,  946. 
CordylodoHt  1457. 
Cormoranus,  1238. 
Corvu/a,  1242. 
Corvus,  1242. 
Coryptutnida^  loofj, 
Coryphodon^  1386. 
Coryphodontia,  1385. 
CoryphodoHtid€Bt  1386. 
CosmoUpis,  978. 
CosmoptychiuSt  977. 
Cosoryx,  1345. 
CottidcB,  X006. 
Cottus,  1006. 
Cotumix,  1234. 
Cotyloptda,  1326. 
Cofylops,  1326. 
Cracida,  12^3. 
Craspedochelys^  T096. 
Craspedodon,  Ii6a 
Crassitherium,  131 1. 
Cratasomus,  1163. 
Cremastosaurus,  1x39. 
Creodonta,  1449. 
Creosaurus,  1168. 
Cretomis,  laoi. 
Cricetodout  1418. 
Cricetus,  14x8. 
Cricodus,  97a 
Cricosaurust  1x89. 
Cricotus,  X027,  X032. 
Crocidura,  1457. 
CrocodiUtinuj,  1x84. 
Crocodilia,  ii8a 
Crocodiiida^  xx92. 
CrocodUus,  X195. 
Crocuia,  X442. 
CrossognathtUf  995. 
Crossopholis,  975. 
Crossopterygea^  968. 
Crossopus,  1457. 
Crotalidat  XX48. 


CrypMratukus,  1041. 
Cryptodira^  xioi. 
Cryptodraco,  Z159. 
Crypiomeryx,  1332. 
Cryptoprocta,  1440. 
Crypiomis,  1242. 
Cryptosaurus,  1x59. 
Crypiuri,  X231. 
Crypturus^  1232. 
CteHac€LnthuSt  968. 
Ctenacodon,  X967. 
CtenodactyluSt  X4X5. 
CtenoduSt  956. 
Ctenomys,  14x5. 
Ctenoptychius^  93a 
Cummoria,  XX59. 
CtiHuuius,  X4X7. 
CyamoduSt  xo66. 
Cyathaspis,  96a 
Cybium,  X007. 
Cyclanarbis,  iiij, 
Cyclobatis,  937. 
Cycloderma,  my. 
Cyclopidius,  X327. 
Cyclapoma,  X0X3. 
Cychptychius,  ^8. 
Cyclostomi,  923. 
Cyclotosaurust  1036. 
Cyclaturus,  1295. 
Cyclurus^  99X,  xoox. 
Cycnorkamphuit  \9ai. 
Cygnus,  1236. 
Cynalurtis,  X447. 
Cynocepkalus,  X470. 
Cynochampsa^  X059,  X569. 
Cynodutis,  X436. 
CynodoHt  X436. 
Cynodantomys,  X467. 
CynodracOt  1059,  '5^ 
Qrnahy€enodoHf  i^S^ 
Cynomys,  X420. 
^nonasua^  1429* 
^nosuchust  X059,  1569. 
Ow«,  1435. 
Cyprinida^  1000. 
CyprinodoHt  xooo. 
(Sprinodontidat  looa 
Cyprinus^  \ooo, 
CypseliiUB,  X242. 
Cypselus^  1242. 
CyrtoHodus,  940. 
CysHgnathida^  i044- 
Cysiofhora,  1433* 
Cytttda^  loorj, 
Cytioidest  1007. 

Dacochelys^  iioa 
Diuosaurust  X189. 
Dacrytherium^  1330. 
DactylethridiB,*  X043. 
DactyloduSt  93a 
Daciylolepis,  986. 
Dactylopierida,  X006. 
Dactylopterus,  xoo6. 


1  ^UptodactyUda.    See  Corrigenda. 


jsXemap^idtt,    See  Corrigeoda. 
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DeutylMourus^  I073* 
Ikeaicurtts,  1994. 
DaoeUm,  1376. 
Damonia,  1108. 
Dapediida,  981. 
Dapedius,  989. 
Dapedoglossus^  999. 
Dapfugnus,  1435, 
DapiinuSt  q^. 
Dojomis,  1299. 
Dasyceps,  1034. 
Dasypodida^  1291. 
Dasypoiherium,  1299. 
Dasyprocta,  1414. 
DiuyprocHda,  1414. 
DasypuSf  1399. 
Dasyuridte,  1978. 
Dtuyurvdon,  1453. 
D€uyurus,  1979. 
Dawstmia,  1094. 
DecHcadapis,  1491. 
DecHcuSy  1418. 
Delphinapterus,  1307, 
Dttfhintda^  lyyj. 
Delphinus,  13107, 
Deitatherium,  1453. 
Deltodui,  940. 
DeltcftychiuSt  940. 

Dendroeygna,  1936. 
Dendrodus,  969. 
Dendrvhyrax,  13^ 

Dendropiychiust  971. 
DeomySt  141 8. 
Dercetida,  997. 
Dercetis,  ^/g/j, 
DermatemydidtBt  1106. 
DermaUmys,  1106. 
Dermochelyida^  1090. 
DermochelySt  1091. 
Dermodactylus,  i9oi. 
DesmatotheriuM,  1355. 
DesmotyluSt  1310. 
Deuterosaurus,  1061,  1570. 
Diacodexis,  1389. 
Diadecies,  zo6i. 
DiadecHda,  1061,  1570. 
DiadetogneUhus,  1037. 
DiadomuSt  1990. 
Diadophoriu,  1359. 
Diatremat  1399. 
Dibelodon,  1395. 
DicentroduSy  928. 
Dicerathtrium,  1368. 
DichohtnuSt  1331. 
Dichodotiy  1333. 
Dichodontidee^  '33^ 
DiclitoduSy  941. 
Diclonitu,  Z154. 
DiconodoH,  1374. 
DicotyUsy  1399. 
DicQtylida,  1318. 
Dicrtnodus,  ^8. 
DicroceroSt  1338. 
DicroeynodoH,  1977. 


Dictyodus,  1007. 
Dictyopyge,  ^fii^, 
Dicynodon,  1063. 
Dicynodontia,  1069. 
DicynodontidiBt  1063. 
Didelfhodon,  1977. 
Dideifkodus,  1453. 
DidttfhopSy  1977. 
Did€iphyida,  198a 
Didelphys,  198a 
DididtBy  1335* 
DiduSt  1935. 
Didymaspis,  961. 
Didymictis,  1437. 
DidymodoH,  1331. 
Didymodust  936. 
Digerrhum,  1099. 
DtlobodoH,  1377. 
Dilophodcn,  1356. 
Dilotherium,  1331. 
Dimetrodon,  1059. 

Dimyiida,  1457. 
Dimylus,  1457. 
Dinichthyida,  965. 
DinichthySt  965. 
DinictiSy  1444. 
DinoceraSy  1388. 
Dinoceraia,  1387. 
Dinocyon,  1434. 
Dinodocus,  11 79. 
DinopkiSt  1x48. 
Dinomis,  1996. 
Dinomithida,  1296. 
Dinosauria,  1151. 
Dinothtriidat  1393. 
Dinotkerium,  1393. 
Dioiroticus,  1419. 
Diodofiy  1015. 
Diodontid€Bt  1015. 
Dionudia^  039> 
Diopecephalus,  z9oa 
Diaplotheriuntt  13x1. 
Diphrissa,  951. 
Dtpliuanthus,  966. 
Dtplacodon,  1374. 
DtplacoduSy  940. 
Dtplarthra,  1319,  1313. 
Dxplobune,  1398. 
Diplocyncdon^  ii95»  ia77« 
Dtflodocida^  1176. 
DtflodocuSy  1176, 
Dtplodus,  996. 
DtphgnaihuSy  665. 
DtplomystuSy  996. 
Dtplopterus,  971. 
Dtflopus,  1325. 
Dtflospondylida,  1097. 
DipIospondviuSt  X027,  X032. 
DtpiaveriebroHt  1027. 
Dtflurus,  973. 
Dtpnoiy  952. 
Dtpodid4g,  1416. 
Dtpdidts,  X416. 
Difriodon,  1268. 
DtpristiSt  951. 
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DifrotodoHt  1383. 
Dtfroiodontia,  1381. 
DtfrotadontidtBt  1283. 
DtfUrida,  956. 
Dtfierus,  956. 
Dtretcodon,  1163. 
Ducoghsiida,  1043. 
Discosaurus,  1031,  1077. 
DissacuSt  1453. 
Dithyrostemum,  1105. 
DocotUm,  1277. 
DolichipUruSt  1233. 
DolichosauHda^  1142. 
Dolichosaurus,  1x42. 
Dolichosoma,  1024. 
DoHchosomatidtB,  1024. 
DoiichotiSt  1413. 
Doliockcsrus^  1321. 
Domnina^  1463. 
DoratorhytuhuSt  1201. 
Dorcatherium,  1333. 
Dorycopteri,  991. 
DorygnaihuSf  1203. 
DorypteritUg,  991. 
Dorypterus,  991. 
Dnutenosaurus^  1142. 
Drtmotherium,  1330. 
DrtpanodoHt  I449> 
Drepanophorus,  943. 
Drwmtus,  1228. 
Dromathtriida,  1272. 
Dramathtrium,  1272. 
Dromocyon,  1437,  1453. 
Dromomis,  1228. 
DryoUstes,  1276. 
DryopithecuSt  1470. 
Ductor,  1009. 
Dules,  X013. 
Duplicidentata^  1412. 
Dynatobatis^  934. 
Dyscanus,  1154. 
Dysopes,  1462. 
DystropfuBus^  1163. 

Ecaudata,  1042. 
Eckeneis,  1007. 
Echidna,  1x48,  1266. 
Echidnida,  1266, 
Eckinodon,  X148. 
EchinogaU,  X458. 
Echinomys,  1415. 
Echinarhinus,  929. 
Ectacodofit  1387. 
Ectaconus,  X380. 
Ectocynodon,  1056. 
Ectosteorhachist  972. 
EdaphodoHy  95  x. 
EdaphosauruSf  1056. 
Edentata,  X289. 
Edestosaurus,  1x43. 
Edestus,  947. 
Egertonia,  X004. 
Elachoceros,  1388. 
Elaphis,  X146. 
Elapidce,  XX48. 
£Ai/j»  XX48. 


Elasmohranchei,  933. 
Ekumodectes,  95a 
EUumodus,  95  x. 
Elasmognatkus,  950,  1354. 
Ekumosaurus,  1077. 
ElasmotheriuM,  X371. 
EUpkantidtB,  X394. 
Elepkas,  140X. 
Eleutkerocercus,  1294. 
Elonichthys,  978. 
Elopides,  996. 
Elopopsis,  996. 
iSA^,  996. 
Elorius,  X233. 
Ehmis,  1238. 
Elotherium,  1333. 
Elseya,  iioo. 
EmihaUonurida,  1463. 
Embohphoms,  1056,  1570. 
Emmenodon,  1395. 
Empedias,  io6x,  X062,  1570. 
Emptdocles,  1062. 
£if»/0,  998. 
Emyda,  1x17. 
Emydosauria,  ix8a 
Emydura,  iioa 
Emys,  1x08. 
Enaliochelys,  X103. 
Enaliomis,  X239. 
Enaliosuchus,  X189. 
Enchodontida,  997. 
Enchodus,  998. 
Endactis.d^ 
Endotkiodm,  1064. 
Endothiodontida,  X064. 
Engraulis,  995. 
Enhydra,  X427. 
Enhydriodon,  1^7. 
Enhydrocyon,  X433. 
Enneodon,  10x5,  1277. 
Entelodon,  1323. 
Entomacodon,  X459. 
Entomodon,  1459^ 
Entoptychus,  1416. 
EohanUus,  X388. 
Eohippus,  X356. 
Eomys,  141 9. 
Eosaurus,  X037. 
Eosphargis,  iogo» 
EotkeriuM,  13 11. 
Ephippus,  X013. 
Efiblema,  14x5. 
Bpicampodon,  X167. 
Epikippus,  X358. 
Episcoposaurus,  X184. 
Eporeodon,  1327. 
Equida,  X359. 
Equula,  xoxo. 
Equus,  1363. 
EretmosauruSt  1077. 
Erinaceida,  1455. 
Erinaceus,  1455. 
EHHchthe,  996. 
Erismatopterus,  10x4. 
ErithiMon,  X4X5. 
ErqueliKHesiat  11 13. 
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Erycida^  1147. 
EryopttUe,  1029. 
Eryofs,  103a. 
Erytkromachus,  1933. 
Eryx^  1 147. 
EsckaHus,  1335. 
Esocida,  looa 
^J)9jr,  locxx 
EstkonyXf  1409. 
EuacanthuSt  947* 
Eucastor,  1419. 
Eucercosaums,  1161. 
Eucehts,  1305. 
Euckifvsaurus,  1031. 
EtulasieSt  11 13. 
EucroiaphuSy  1327. 
Eugnatkida,  986. 
Eugnaihus,  986. 
EumeceSt  1x41. 
Eumylodusy  951. 
Eumys,  1418. 
Eupetaurus,  1420. 
EvfodamitheSt  1232. 
EufteromiSy  123a 
Eurhinodelphis,  1307. 
EurosauruSt  1061. 
Ettryapieryx,  1226. 
EurycarpuSt  1064. 
Eurycormus,  989. 
Eurygnathus,  998. 
EurylepiSy  978. 
Eurynotus,  979. 
EurypholiSt  998. 
Eurysomus,  979. 
Eurystemida,  1102. 
Eury sternum,  1103. 
Eurytkerium,  1328. 
Euryurus,  I394- 
Eusulesaurus,  ii6t. 
Euscelidosaurus,  1161. 
EusemiuSt  987. 
Eusmilus,  Z449. 
Eusthenopieront  970. 
EusucAia,  1185. 
Eutatus,  1292. 
Eutkacanthus,  967. 
Euiheriat  1289. 
Euthynoius,  989. 
ExocetUndes^  1000. 
Exocofius,  looa 
ExosHnitSt  1 140. 

/^a/w.  124a 
Falconid^t  1249. 
Felidat  1443. 
^«/ir,  1447. 
Felsinotherium,  1310. 
Fiber,  1417. 
FissoduSt  929. 
Fistularia,  1005. 
Fistulariid4Et  1005. 
Francolinus,  1234. 
Fregatides,  1239. 
Freplofus,  1242. 
Fnngiilida,  1242. 
FulUa,  1233. 


Fulicarut,  1233. 
Fiiligula,  1236. 

Gadida,  1003. 
Gadus,  1003. 
Galago,  Z407. 
Galecynus,  1437. 
Galeocerdo,  946. 
Galeopithecus,  1455. 
Galesaurida,  1058.  1569. 
Galesaurus,  1058,  1509. 
Galetkylax,  1453. 
GaUcHs,  1429. 
Gallina,  1233. 
GallinuJa,  1233. 
Gallus,  1234. 
Ganocephala,  I02Z. 
Ganodus,  951. 
Ganoidei,  958. 
Ganorhynchus,  957. 
Garialis,  1193. 
Garialosuchus,  1193. 
Gastomis,  1228. 
Gtutomilhes,  1228. 
Gastomithida,  1228. 
Gctstrocfumtu,  \Qffj, 
Gaudrya,  1031. 
GavicB,  1232. 
Gaxella,  1348. 
GeolaHs,  1459. 
Gelocus,  1332. 
Gennetoiheria,  io6a 
Geomyida,  1416. 
Geomys,  14x6. 
Geosaurus,  XX89. 
Geofrypus,  X458. 
Gerbillits,  1418. 
Gi^antichthys,  999. 
Gt^antosaurus,  iij6, 
Gtnglymcstomat  943. 
Giraffa,  X343. 
Girajlda,  X343. 
Glaridodon,  io6x,  X569. 
Glabicephalus,  X307. 
Glossochelyst  1x13. 
Glossodus,  9^0. 
Glyptocephalus,  Z015. 
Glyptodon,  1294. 
GlyptodontidcB,  1292. 
Glypiognathus,  1037. 
Gtyptoltemus,  972. 
Glyptolepis,  969. 
Glyptopomus,  972. 
Giyptosaurida,  1x40. 
Glyptosaurust  X14X. 
Gnatharhita,  957. 
Gnathosaurus,  X189. 
GoHid4E,  X006. 
Cr<)^,  looa 
GoHus,  X006. 
Gomphotherium,  1334. 
Gonatodus,  978. 
Gondvoanosaurus,  1032. 
GonioglypttUt  1036. 
Goniognaihus,  X007. 
Goniopholidida,  1x89. 
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Goniopholis,  1191. 
Goniopoda^  1151. 
Conor kynchida,  999^ 
Gonorhynckus,  999. 
Gorgonops,  Z059,  1569. 
Goura,  1354. 
Graculavus,  1399. 
Graculus,  1338. 
Grapkiurus,  973. 
Gruidte,  1333. 
Gnw,  1333. 
Gryphoca,  1433. 
Grypotheriumt  1998,  1399. 
Cr»/i?,  1439. 
Gymnodontes,  1015. 
Gymnoptychus,  1430,  1431. 
Gymnura,  1456. 
GyparcAus,  1339. 
Gypsomis,  1333. 
Gyracanthus,  947. 
Gyrodus,  985. 
Gyrolepis,  978. 
GyropUurodus,  943. 
Gyroptyckius,  970. 
Gyrosteus,  976. 

Hadrianus,  1109. 
Hadrosaurus,  11 53. 
Hamaiosaurus,  1083. 
Hainosaurus,  1x44. 
Halcyomis,  1343. 
/^iz/^,  994,  996. 
BaUcida,  994. 
Haliaitus,  1340. 
Halianassa,  1310. 
Halickctrus,  1433. 
Nalicore,  1309. 
Halicorida,  1309. 
HcUitheriida,  1310. 
Halitherium,  1310. 
Hallopus,  1170. 
HalodoH,  1368. 
HapaU,  1469. 
HapcUemur,  1466. 
HapalidtB,  1468. 
HapaJotis,  1418. 
Haplacodoftf  1373. 
Haploconus,  1380. 
Haplodontotherium,  1377. 
HaplogaU,  1445. 
Haptodus,  1 131. 
Hardella,  1107. 
harpagomis,  1340. 
Hatteria,  1136. 
Helagrus,  X146. 
HelaUtts,  1355. 
HeUmys,  1093. 
Heliarchon,  1041. 
Heliastes,  1004. 
Helicoceros,  1347. 
Helicophora^  ly^j. 
He/iodus,  957. 
Heliscomys,  1419. 
HelladotheriufHt  1344. 
Helochelys,  1093. 
helodectes,  1063,  157a 


HelodopHs^  9401. 
Helodus,  939. 
Hemiavchtnia^  1335. 
Hemicaulodon^  1311. 
Hemichelys,  iioi. 
HemichctruSt  1333. 
HemielopopsiSt  9961 
Hemiganus,  1453. 
Hemtlopus,  986. 
Htmimeryx,  1336. 
HemiprisHs,  946. 
Hemtfsttlodim,  1453. 
HemtrhyfuhuSt  loia 
Hemisaurida^  looi. 
HemiiAlaus,  1380. 
HemitkyrsiteSy  loia 
HemitrichiaSt  996. 
HeptaHchuSt  938. 
Heptanema,  973. 
HeptodcH,  1356. 
HerodiontSt  1338. 
HerpesteSt  1438. 
Herpeiocetits,  1304. 
Herpetotkerium,  1458. 
HesperomySt  1418. 
Hesperomis,  1334. 
Heteroboms,  1453. 
Heterobranchus,  lOOS. 
HeteroceiuSy  1304. 
Heterokyus,  1456. 
HeieroUpidotys,  983. 
Heteromys,  1416. 
HeterostrofhuSy  983. 
Heterosuckus,  1191. 
HeUrotis,  999. 
HexancktUf  938. 
HexapsephuSt  xooi. 
Hexodon,  138a 
Himantopus,  1333. 
Hifparum,  ijj6o. 
Ntppidium,  1361. 
Hippocampus^  1014. 
Hippodaciylus^  1361. 
HtfpohyuSt  133X. 
Htppopotaimida,  1316. 
Hippopotamus,  X316. 
Hippoiherium,  1360. 
Hippoiragus,  1348. 
HirundOt  1343. 
HisHonotus,  987. 
HisHophorus,  10  la 
Holacanihus,  10x3. 
Holaspis,  961. 
Holocentrum,  loxi. 
Holodus,  957. 
HoIomeniscuSt  1335. 
Holophagus,  974. 
HolopSy  XX93. 
Holoptychiida,  968. 
Holoptychius,  968. 
HolosteuSt  1000. 
Holurus,  978. 
Homacanthus,  968. 
HomaoUpis,  983. 
Homaosauria,  1x36. 
Homaosauridttt  1136. 
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Htmutosaurus,  1137. 
Homalodontoiherium,  1366. 
Hominid€B,  147a 
Homo,  147a 
Homocamelus,  1335. 
HomonotuSy  loii. 
Homopus,  1 109. 
Homorophus,  IZ06. 
Hoplocetiu,  1305. 
Hoplophontus,  1446. 
Hqptophorus,  1293. 
HoplopUuridm,  997. 
HophpteryXt  loxi. 
Hopiosaurus,  1175. 
Hytena,  1441, 
Hyttnat 
Hy€Bn\ 
Hy€en\ 

Iiyitnocyon,  1433* 
Hyttnodon,  1450. 
Hyanodantideet  1450. 
Hybocladodus,  938. 
Hybodontida,  94a 
Hyhodus,  941. 


Uytgnarctus,  143a. 
Hy^enicHs,  1441. 
Hy€enida,  1440. 


Hyd€upitherium,  1344. 
HydraspiSt  iioo. 
Hydrochosrus,  1414. 


Hydromys,  1417. 
HydropeUa,  1098. 
Hydrvmis,  1233. 
Hydrosaurus,  1139. 
HylaobatrcuhidtB,  zo4a 
Hylaobatrachys,  1040. 

^^ 
Hykeosaurus,  1160. 


//ylitochampsa,  1191. 
HylcBochelySy  \oi^. 


HyUrpeUm,  1034. 
Hylobates,  147a 
HylonomuSy  1027. 
HyhpUsion,  1027. 
Hyloplesumida,  loaj, 
Hyodectes,  1453. 
Hyohippus,  1359. 
Hyomosckiu,  1333. 
Hyopotamus,  1325. 
Hyopiodontidte,  1465. 
Hyopsodus,  1465. 
Hyotlurium,  1321. 
Hvpamia,  991. 
Hyperodapedon,  1134. 
Hyperdodon,  13061 
Hypertragulus,  1334. 
Myphasma^  1026. 
Hyporyssus,  1458. 
Hyposaurus,  1190. 
Hypsicormns,  989. 


Hypstcormys,  98^ 
HvpsilophodoH,  i 
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_    pnprymnus, 
Hypsodon,  998. 
Hyrachyus,  1355. 
Hyracida,  1383. 
Hyracodon,  1364. 
Hyracodcnlothtrium,  138a. 
Hyracoidtaf  1382, 


Hyracotherium,  1356. 
Hvrax,  1383. 
Iiystricida,  1415. 
Hystrix,  1415. 

/^V,  1238. 

Ichthyacanthus,  1032. 
IchthyodecUs,  998. 
Ichthyodorulites,  947. 
Ichthyopsida,  911. 
IckthyopUrygia,  iiaa 
Ichtkyomis,  1231. 
Ichthyomithidcty  1231. 
Ichthyosaurida,  1x24. 
Ichthyosaurus,  1124. 
Ichthyotomi,  926. 
IcHcyon,  1436. 
Ictitherium,  1439. 
Ictonyx,  1428. 
A:/<i^j,  1459. 
IctopsidcB,  1459. 
Idiocetus,  1304. 
Idiochelys,  1098. 
Iguana,  1140. 
fguanida,  Z140. 
iptanodon,  11 57. 
iguanodontidig,  1x54. 
immanes,  1226. 
ImogasUr,  1005. 
Imfennes,  1232. 
/ifia,  1306. 
Insectivora,  1454. 
Interatherium,  lyn. 
IschyoduSt  950. 
IschypUrus,  982. 
Ischyroctphalus,  998. 
Ischyrodon,  1080. 
Jschyromyida,  149a 
Ischyromys,  X420. 
IschyrosauruSy  1x76. 
Ischnacanthus,  967. 
Isectohphus,  1355. 
Isocetus,  X304. 
Isocolum,  989. 
Isopholis,  987. 
JsottBnia,  951. 
Isselosaurus,  1x96. 
Issiodoromys,  X413. 
Istiaus,  looa 
Isurus,  1007. 
Ixacanthus,  1308. 

Jaculus,  1416. 
]/i(Z»aua,  939. 

JCachuga,  X107. 
Kuriodon,  1^77, 

Labrax,  10x3. 
Labrida,  1004. 
Labrus,  X004. 
LabyrinthodoM,  X037. 
Labyrinihodontiat  xo2x. 
Lacerta,  1142. 
Laceriida,  XX42. 
Lacertilia,  Z138. 
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LagtnorhpukMS,  1507. 
Lagomyida,  14x3. 
L^omys,  1413. 
Lagopus,  1234. 
Lagostomus,  1414. 
LamModus,  938. 
Lambdotheriida,  ijju 
LawUdotkerium,  1371. 
Lawma,  944. 
LamnUUs,  944. 
Laniida,  \94fiL 
Lamims,  134X 
Lantannihrrium^  M55* 
Laodtm,  12761 
Laopkis,  1 148. 
Laopitkecus,  I^IBS, 
LaopUryx^  13x9.  1399. 
Laornis,  1299. 
Laosaurus,  1159. 
Larida,  1332. 
Lariouiurida»  1073. 
Lariosaurus,  1073. 
Larus,  1332. 
/iTfry,  1013. 
Latonia^  I044i  ^d* 
Lebias,  looa 
Lecracanthus^  965. 
Leedsia,  1569. 
LeedsuhikySt  1569. 
Legmmohu,  987. 
Ltmmus^  I4I7> 
LemuravuSt  1468. 
Lemurida,  14/66. 
Lemunridea,  1464. 
LepidocoiiuSt  1007. 
LepidoUmur^  1466. 
Lepidopus,  loio. 
Lepidosiren^  953. 
Ltpidosiremida,  953. 
Lepidasieid^,  988. 
Ltpidosttaidea^  98a 
Ltpidosteus,  988. 
Lepidotida,  986. 
Lepidotus,  986. 
Ltporida^  X41X 
Lepospondyli,  1033. 
Leptacanthus^  951. 
Ltptarctus,  1429. 
Leptaucheniat  1337. 
Lepterpetan,  Z035. 
Ltpthyctna^  I44i* 
Leptictid4B,  1459. 
LtpticHs,  1459. 
Ltptobos,  13^ 
Ltptocepkout,  \f3a1, 
LeptocLtrus,  1323. 
Ltptocladus,  1276. 
Lepiodactylus,  1044. 
Leptodon,  1373. 
LeptoUpidid^B,  99a 
LeptoUpis,  99a 
Leptamtryx,  1333. 
Leptomyltu,  951. 
Leptopiilus,  1238. 


Lepio»ma,  1243. 
LtpioatmuUid^  1342. 
Lepiosomms,  99^ 
LepMrackeims,  997. 
Leptotragulms,  1334. 
Lepus,  1412. 
Lestodom,  1398,  1399. 
Lestopkis,  X147. 
Ltstomis,  1225. 
LesUuaMTMS,  Z144. 
Leuciscus,  lOoa 
Liasis,  1x47. 
iLi^j.  974. 
LuafJkrimm,  1359. 
LuMia,  loio. 
lAmicUa^  1232. 
Limnaiomis,  1242. 
Limnerpetid^t  10261 
Umnerpeton,  10261 
Limnocyon,  I437* 
Liwuu^tyus^  1373- 
Umnopkis,  ii47* 
Limmoiktrimm,  1466. 
Liwtosa^  X232. 
Liodtsmus,  989^ 
UodoHt  1 144. 
iMgtuUkus,  965. 
Lu>piauvd4m,  io8a 
Liotomms,  1268. 
Ussakpis,  978. 
Listriodom,  1319. 
UstriodouHdg,  1318. 
IMkopkiSt  1147. 
Litkomis^  I339> 
LoHckeres,  14x5. 
LapkaainiAus,  947. 
Lopksockttrus,  1319L 
LopkiodoH,  1355. 
£jpkiodomtuue^i^$i\. 
Lopkiomeryx,  1332. 
LopkiosiommSt  987. 
LopkiotMerimm,  1357. 
Lopkiums,  991. 
Lopkobranchii^  1014. 
Lopkocetus,  1308. 
Lopkopsittacus,  1241. 
iJxia,  1243. 
LoxolpphodoH,  1388. 
Loxomwia^  1033. 
LoxommatituB,  I033* 
Loxomylus^  i4'5- 
LutkaauruSt  1079^ 
Lutra,  1427. 
Lutrtmys,  1x08. 
Lutrictis,  1427. 
LycaoH,  1436. 
Lychymna^  1441* 
Lycorus^  1435. 
Lycosaurus,  io|8. 
Lysoropkms,  zoocx 
Lytohwui,  1 1 13. 

MacacuSt  14^ 
MaceUodus,  1x39. 

^  Limm^ikirimm  in  tcxL    See  CdcflgeDda. 
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Maailognatkus,  1089. 
MacfutrtuanthuSt  947. 
Meuharodus,  1449. 
MachimosauruSt  1187. 
Macrauckeniat  1376. 
Macraucheniidig,  1376. 
MacrocUmmys,  1105. 
Macromerion^  1035. 
Macramerosaurus,  1073. 
Macrones,  looa. 
MacropetalUktkys^  975. 
Macropodida^  1385. 
Maeropoma^  974. 
MacropMS,  1386. 
MacrorhipiSt  989. 
Macrorhynckus,  119a 
AfacromiSf  1230. 
Macrosemius,  997. 
Macrotherium,  1373. 
MacrurosauruSt  1179. 
MalloiuSt  994. 
Mammalia,  1245. 
Afanaiida,  131 1. 
Manatus,  13 11. 
Manida,  1291. 
Mcmis,  1297. 
Manteodon,  1387. 
Af anuria,  ma 
«       Marsupiaiia,  1272. 
Massospondylust  1166. 
Mastacomys,  1418. 
Mastodon,  139^. 
MastodoHsaitrtda,  1035. 
Mastodonsaurus,  1036. 
Mauisaurus,  1077, 
Megacerops,  1374. 
Megadtuiylus,  1166,  1170. 
Megalanta,  114a. 
MegalapUryx,  1225. 
Megalichihys,  970,  972. 
MegalobatrctchuSy  1041. 
Megalochnus,  1299. 
Megalonyx,  1299. 
A/<ra/£»^j.  995. 
Megalomts,  1229. 
Megalosaurida,  1167. 
Megalosaurus,  1167. 
Megaloiherium,  1295. 
MegalotriioH,  1041. 
Megalurus,  991. 
Megamys,  1414. 
MegapUurtm,  955. 
Megapodida,  1233. 
Megaptera,  1303. 
Megastemum,  1092. 
Megatkeriida,  1295. 
Megatherium,  1295. 
Megistanes,  11 27. 
Metanerpeton,  1024. 
Meleagris,  1234. 
Meles,  1428. 
Melitosaurus,  1193. 
MelUvora,  1428. 
Mellivorodon,  1428. 
Melosaurida,  1029. 
Melosaurus,  1031. 


Melursus,  1431. 
Menacodm,  1277. 
Mentupis,  965. 
^M«,  1007. 
Meniscdessus,  1268. 
Meniscomys,  1421. 
Meniscotheriida,  1382. 
MeniscotAerium,  1382. 
Menobranckus,  1041. 
MenodoH,  1374. 
Menodontida,  1374. 
Menodus,  1374. 
Menopoma,  1041. 
Menops,  1374. 
Mephitis,  1428. 
Mergus,  1237. 
Merlucius,  1003. 
Merychippus,  136a 
Merychyus,  1327. 
Merycochcerus,  1327. 
Merycopotamida,  1325. 
Merycopotamus,  13215. 
Mesacanthus,  966. 
Mesembryomis,  1229. 
Mesitia,  944. 
Mesocetus,  1304. 
Mesodectes,  1459. 
Mesodon,  985. 
Afesogaster,  1006. 
MesMippus,  1358; 
MesoUpts,  079. 
Mesolophoaus,  930. 
Mesonychid4g,  1453. 
Mesonyx,  1453. 
MesopithecuSf  1470. 
Mesoplodon,  1306. 
Mesorhinus,  1376. 
MesosauridtB,  1070. 
Mesosaurus,  Z070. 
Mesotaria,  1423. 
Mesotherium,  1378. 
Mesturus,  985. 
MetalophodoH,  1386. 
Metamynodon,  1365. 
Metarctus,  1433. 
Metarmosaurus,  io6z. 
Metatheria,  1270. 
Meiopacanthus,  951. 
Metopias,  1037. 
MetriorhynchuSt  1188. 
Metriotherium,  1329. 
Miacida,  1437. 
Miacis,  1437. 
Microbiotherium,  1268. 
Microbrachida,  \oarj, 
Microbrachis,  1027. 
Microbrachius,  963. 
Microcavia,  14 13. 
Microchotrida,  1456. 
Microcharus,  1456. 
Microconodon,  1273. 
Microdon,  985. 
MicroUpidoti,  989^ 
Mierolestes,  1270. 
Micromeryx,  1338. 
Micronodus,  978. 
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MicropholiSt  103a. 
Microsauriay  1025. 
Microsyops^  1465* 
Microtherium^  1331. 
MicrotuSt  14x7. 
MihmSy  1240. 
AfioclctHus,  1453. 
Miohippus,  1359. 
Miolania,  ixoo. 
Miolaniidat  iioo. 
Miohphus,  1409. 
Mumomis,  1226. 
MioplosMSt  X013. 
MixodecteSy  1467. 
MixosauruSy  1124. 
Mixtotheriumt  1329. 
Mochlodon^  xx6a 
Molge,  1041. 
Mo^ophidfs^  1034. 

MowssuSf  1462. 
MonachuSy  1423. 
Manatherium,  1433. 
Monocentris,  loii. 
Monoclonius,  1154. 
Monocondylia,  1046. 
Monodon,  1307. 
MoHCtremata,  1265. 
Morenia,  141 5. 
Moropus,  1299,  1373. 
Morosaurus,  1179. 
Marotherium,  1299,  1373. 
Mosasaurid€B,  1143. 
Afosasaunts,  1144. 
Moschus,  1342. 
MouillactheriHmy  1331. 
Mufril,  1005. 
MugilidtB,  1005. 
Muliituberculata,  12661 
MuranidtB,  1002. 
Afur^tnosaurus,  1077. 
Murida,  1416. 
A/t»,  1418. 
Musophagid€B,  1242. 
Mustela,  1428. 
AfusUlid€g,  1426. 
MyceteSy  i4^* 
Mylagaulus,  141 5. 
Afyliobatida,  935. 
Myliobatis,  935. 
Myhcyprinus,'' 1001. 
Afylodon,  1298. 
Mylognathus,  951. 
Mylostoma,  957. 
AfvogaU,  1457. " 
Myolagus,  14 13. 
Afyomorphus,  1299. 
Myopotamus,  1415. 
Afyoxida,  1418. 
MyoxMS,  1418. 
Myriacanthida,  1568. 
Myriacanthus,  951,  1568. 
MyrioUfis,  978. 
Myripristis,  loii. 
Mvrmecobius,  1280. 
Myrmecophaga,  1295. 


Myrmeeopkagida,  1295. 
MvsarackfUy  1458. 


MysopSt  1420. 
\fyxene,  923. 


Afystacoceti,  1302. 
Aiystriosaurust  1x87. 


MyxocharuSy  1330* 

Naia^  114B. 
Naisia,  988. 
NannosHckuSt  Z191. 
Nanomys,  1268. 
Naosaurus,  io6a 
Narboa^  1147. 
NaseuSy  loia 
Neuua,  1429. 
Necrolemur^  i^trj, 
Necromantis,  1463. 
Necropsar^  1242. 
NecropsiUacuSy  1241. 
NecromiSy  1242. 
NectHdea^  1025. 
'  Nematopiychius,  978. 
NemofteryXt  1003. 
Neopkroiiy  1239. 
Neoplagiaulax,  1267. 
NeorhomhoUpis,  986. 
NeosodoH,  1 176. 
Neotoma,  14 18. 
Nephrotus,  986. 
Nesocerodon,  1413. 
Nesocia,  1418. 
NesodoHy  1376. 
Nestor,  1241. 
Nestaritherium,  1373. 
Neurodromicius,  1148. 
Neuro^mmurus,  1456. 
NeusttcosauruSt  107%. 
Nicoria,  1109. 
Nimravida,  1443. 
Nimravus,  1446, 
Nodosaurus,  1164. 
NoUbus,  991. 
NatagaguSt  987. 
NoUUpkas,  i4d&. 
NotharctmSy  1466. 
Nothosaurida,  1071. 
Notkosaurus,  \Qrj^,  1570. 
NothroptUy  1300. 
Nothrotherium,  1299. 
Notkura,  1232. 
Notidanida,  938. 
NotidanuSt  938. 
NotiosauruSy  1x42. 
Notochelotte,  XI13. 
Notockelys,  11x3. 
Notogoneus,  999. 
NotomiSy  1233. 
NotosauruSt  Z139. 
Nototheriida,  1282. 
Nototherium,  1282. 
Numenius,  1232. 
NummopalatuSt  1004. 
NutkeUs,  Z148. 
Nyctea,  1241. 
NycHcebus,  1464. 
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JWycHUstes,  1461. 
JVvraniida,  1032. 


IVyctitherium^  1461. 
Nyctodactylus,  1199. 


NycticoraXt  1238. 

Nvi 

Nvi 

Nyrania,  1033. 
Nyram"  ' 
JVyroca,  1237. 
Nytketes,  114a* 
NythosauruSt  1058. 

Ocadia,  1108,  157a 
Ociodan,  1415. 
OctodontuUe,  1415. 
Octotomus,  1388. 
Ocydromus^  1233. 
OdontaspiSt  945. 
OdonUus,  1004. 
Odantoceti,  1305. 
Odontoglossa,  1237. 
Odontolca,  1224. 
OdontopterygeSt  1236. 
OdontopieryXt  1230. 
OdoniorvuB,  1231. 
OdontomitheSt  1231. 
(Enoscopus,  989. 
(EstocepfuUuSt  1026. 
OgmopAis,  1x47. 
Oli^tMtunis,  1433. 
OhgopUurus,  989. 
Oltinotheriufttt  1323. 
Omegodoity  14x9. 
Omamys,  1467. 
Omosaurus,  1x62. 
OmphiElcdus,  986. 
Onchus,  947. 
OncobatiSt  934. 
OnychocUctes,  X453. 
Onychodus,  968. 
Ophichihys,  1002. 
OphiderpetoH,  1024. 
Ophidia^  1x46. 
OphiocepkaUdtB,  1005. 
Ophiacephalus,  1005. 
Ophiopsis,  987. 
OphisauruSt  1140. 
Opisthopteryx^  994. 
Oplosaurus,  1175. 
OpsigonuSt  991. 
Opthalmosaurus,  1127. 
Oracanthus,  947,  1296. 
Onra,  1307. 
Orcynus,  1007. 
Oreas,  1348. 
Oreodon,  1326. 
OreodontidcB,  1326. 
Oreodus,  94a 
Oreopithecus,  147a 
Oreosaurus,  1141. 
Orinosaurus,  1161. 
Omithischia,  1151. 
Ornithocephalus,  Z20a 
Omithocnirus,  x2oi. 
OmithodesmuSt  1204. 
Omithopoda,  X152. 
OmUhopsis,  1175. 
OmithopteruSt  1204. 
VOL.  II. 


Omithorhynchidat  1265. 
OmiihorhynchuSt  1265. 
OmitAosauriat  Z196. 
Omithostoma,  1199. 
Orodomtidtgt  94a 
Orodus,  94a 
Orohippus,  1356. 
OropAosauruSt  1082. 
Orosaurus,  1161. 
OrthacanthuSt  926. 
Orthacodus,  945. 
OrthagoriscuSt  1015. 
Orthaspidotherium,  1288,  1457. 
Orthocosta,  X027. 
Orthocynodon,  X365. 
Orthamerus,  1x54. 
Ortkomys,  1415. 
Orthopoda^  ii5i* 
Orihopus,  1061. 
Orycterocetus,  X308. 
Orycteropodida,  1290. 
Orycteropus,  X290. 
a^4r,  1348. 
OsmerouUs,  994. 
OsmeruSt  904. 
Osteoglossida,  999. 
Osteoglossum,  999. 
OsteoUpidida^  971. 
OsteoUfis,  971. 
Osteopkarus,  X031. 
Osteopygis,  XX13. 
Ostracion,  X015. 
Otaria,  1424. 
Oiariida,  1424. 
Otidida,  1233. 
O/w,  X233. 
Otocyon,  1436. 
Otodus,  944. 
Oudenodon^  1064. 
Ovibos,  X350. 
Ovw,  1350. 
Oufenia,  1283. 
Oweniasuchus,  1191. 
Oxacrion^  1331. 
Oxhytsna,  145 1. 
OxydondotheriuMt  1376. 
Oxyglossus,  1044. 
Oxygnathus,  978. 
Oxyrhina,  944. 

Pachy acanthus  ^  131  x. 
Pachycormidce^  089. 
Pachycormus,  989. 
Pachycynodon,  1436. 
Pachynolophus^  ^356^ 
Packyplenra,  1073. 
Pachyrhizodontida,  998. 
Pachyrhisodus,  998, 
Pachyrucus,  1378. 
Paciculus^  1418. 
Pagellus^  1012. 
PaladaphuSt  957. 
Pal^eudypUs^  1232. 
PaiahophpharuSt  1994. 
Palaloaw,  1237. 
Palaoba/istum,  984. 

2  Z 
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Palaobatis,  941. 
Palixobatrachida,  I043»  xi. 
Palaobatrachus,  1043. 
PaUeocastor,  I4aa 
PaUgocetus,  1303. 
PaUtochefys^  1108,  1570. 
Pakeochcerus,  1321. 
Pal^eociconia,  1238, 
Palaocircus,  1240. 
Palaocyon,  1436. 
PakBO€rinaceuSt  1456. 
Palaogadus,  1003. 
PaltBogaUt  1428. 
Pakeogrus,  1233. 
Palteohatteria,  1132. 
PahBohatteriida,  1132. 
PaUeohierax,  1240. 
PaUEolaguSt  1412. 
Palaolemur,  1466. 
PakEomaniSy  1291. 
PaUeonudusa,  X103. 
PaUeonupkitis,  1428. 
Palteomeryx,  1338. 
PaUtonictis,  1453. 
PaUeoniscidcB,  976. 
Palaoniscus,  977. 
Palaonycteris,  1461. 
Palaoperdix,  1234. 
PaUsophid€g,  1147. 
Palaophis,  1147. 
Palaophoca,  1423. 
Palaophrynus,  1044. 
Palaopontoporia,  1306. 
Palaoprionodon,  1439. 
Palceopytkon^  X147. 
PaUBoreas,  1348. 
Paleeorhynchida,  loio. 
Palaorhynchus,  1010. 
Palceomis,  1201,  1241. 
PaUEomithida,  1241. 
PaJaortyx,  1234. 
PaUBoryx^  1348. 
Palaosaurus,  1167. 
PaltEoxyllium,  943. 
Palaosiren,  1024, 
Paheospalax,  1457. 
Paiaospinax,  943. 
Palceospiza^  1242. 
Palaosyops,  1372. 
PaltBotapirus,  1354. 
Pakeotheriida,  1357. 
Palaotherium,  1357. 
PakBotheutes,  1268. 
Palaotragus,  1349. 
Palceotringa^  1229. 
Palteovaranus^  1140. 
Palamedea,  1237. 
Palapierygida,  1226. 
Palapteryx,  1226. 
Palauchenia,  1335. 
Paleryx,  1147. 
Palhyttna,  1441. 
Palimphyes,  1007. 
Paloplotherium,  iSS7» 
Palorchestes,  1287. 
Pandion^  1240. 


Pangshura^  1107. 
Panochthus,  1294. 
Panolax,  1412. 
Pantodonta,  1385. 
Pantolambda,  1385. 
Pantolambdidte,  1385. 
Pantolestes,  1315. 
Paniylus,  1056. 
Pappuhthys,  991. 
Parackelyida,  \oofj. 
Parachelys,  1097. 
ParadoxuruSt  1438. 
ParahippuSt  1359. 
Parahyus,  1323. 
ParaUpis,  1001. 
Paramys,  1420. 
Paraperca,  1013. 
ParcLscopelus,  zooi. 
Parasorex,  1455. 
Parasuchia,  1183. 
Parasuchida,  1184. 
Parasuchus,  1184. 
Paratheria,  1289. 
Parexus,  967. 
ParicLsauria,  1055. 
Pariasauridtg,  lOSS* 
Pariasauruit  1055. 
ParioHchida,  1056. 
Pariotichus,  1056. 
Peuser,  1242. 
Passeres,  1242. 
Patriofelis,  1453. 
Pediomys,  1277. 
Pelagorhynchus,  997. 
Pelagomis,  1239. 
Pel^saurus,  1x87. 
Pelamys,  1007. 
PeUcanidte,  1239. 
Pelecanus,  1239. 
PeUcopterus,  997. 
Pelion,  1024. 
PelUgrinia^  I4IS« 
Pelobates,  1043. 
Pehbatida,  1043. 
Pelobatochelys,  1103. 
Pelomedusida,  i099- 
Pelonax,  1323. 
PelontusteSt  io8a 
Pelophilus,  1043. 
Pehrosaurus,  1175. 
Peltocfulys,  1105. 
Peltopkurus,  987. 
Peltosaurus,  1140. 
Pelycodus,  1465. 
Pelycosauria,  1057. 
Pephrhina,  969. 
PeragaU,  1280. 
Peralesies,  1277. 
PerameUs,  1280. 
Peranulida,  128a 
Peramus,  1276. 
Peraspalux,  1276. 
Peraiherium,  1281. 
Perca,  1013. 
Percfuerus,  1323. 
Percida,  1013. 
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Periops,  1146. 
Periptychida,  1379. 
Penptychus,  1379. 
Pertssodactyla,  135a. 
Pttalodontida^  929. 
PetaloduSt  930. 
PetahrhyTukus,  929. 
Petrogale,  1387. 
Petromyton^  933. 
Petrophryne^  1032. 
Petrosuchus,  1x90. 
Pezophaps,  1235. 
Phacocheerid<B,  13x8. 
Phacochctrus,  1320. 
PManicopterida,  X237, 
Pketnicopterus,  1237. 
Phalacrocoracidit,  1238. 
Phalacrocorax,  1238. 
PhalangeridUB,  1284. 
Phaneroglossot  X043. 
Phaneromeryx^  i333« 
PhaneropUurida,  955. 
PhaneropUuron^  955. 
PhanerosauruSt  106^ 
Phanerosteotty  978. 
PharyngodopiluJUB^  1004. 
PharyngodopiluSt  X004. 
Pharyngognatki,  1004. 
PhascoMrctus,  1284. 
PhaseoUstes,  X276. 
Phascolomyida,  1282. 
Phascolomys,  1282. 
PhascolonuSt  1282, 
Phascolotherium,  1274. 
Phasianida,  1234. 
Phasianus,  1234. 
Phenacodontida,  138a 
Phencuodus,  1380. 
PhloramySt  141 5. 
Phoca,  1423. 
Phocanelktt  1423. 
Phocasaurus^  1057. 
Phocida,  1423. 
Phoder acanthus t  965. 
Phabodus,  928. 
Phamicopterida,  1237. 
PhcBfiicopteruSt  1237. 
Pholidophorus,  987. 
Pholidopleurus,  987. 
Pholidosaurus,  1190. 
Pholidurus,  976. 
Phylactoc'ephalui,  998. 
PhylloduSt  1004. 
PhylloUpis,  969. 
Phyllomys,  14x5. 
Phyllarhina,  1461. 
Phyllostoma,  1463. 
Pkyllostomaiida^  1462. 
Pkyseter,  1305. 
Physeterida,  1305. 
Physeterula,  1305. 
Physetodon,  1305. 
Pkysis,  1003. 
Physodan,  1305. 


Physostomi,  993. 
Pkytosauria,  1183. 
Pkytosauridet^  XX83. 
PhyiosauruSt  11 83. 
PicaruB^  1242. 
Picida,  1242. 
Picus,  1242. 
PiiemophtSt  1146. 
Pimelodus,  1002. 
Pinnipedia,  1422. 
PiptMy  1043. 
PtptomeruSy  1082. 
Pisces,  9x1. 
Pistosaurus,  X072. 
Pitkanoiomys,  1^1$. 
Pithecistes,  X327. 
Placodermata,  962. 
Placodofttia,  1065. 
Placodus,  1066. 
Placosauridce,  1140. 
PUuosaurus,  1140. 
PlagiaulacidtB,  X267. 
Plagiaulax,  1267. 
Plc^giolopkus,  1357. 
Plastomenus,  11 18. 
Plastremys,  1098. 
Plaialeidce,  1238. 
Platanista,  1^06, 
PlatanistidcB,  1306. 
Plaiax,  1009. 
Platemys,  iioo. 
Plateosaurus,  1167. 
Platinx,  995. 
Platycarpus,  1143. 
Plaiyceps,  1033. 
Platycercomys,  1416. 
Plaiychelys,  1093. 
Platycharopida,  1409. 
Platychctrops,  1409,  1453. 
PlatycormuSt  1013. 
Platygnathus,  969. 
Platygonus,  1323. 
PlatyltBtnus,  X005. 
Platyonyx,  X296. 
Platyoposaurus,  xi. 
Platyops,  1035. 
Platyphoca,  1423. 
Plaiypodosaurus,  1064. 
Platyprosopus,  1338. 
Platyrhachis,  11 39. 
Platysiagum,  987. 
Platysomid€e}  979. 
Platysamus,  980. 
Platystemid^,  1106. 
Platystemum,  xxo6. 
PUctognathi,  10x4. 
PUgoihonidcg,  X024. 
PUgotkantiat  1024. 
PUsiadapis,  t^dfj. 
PUsiarctomys,  1420. 
PUsicHs,  1429. 
PUsidacrytherium,  133a 
PUsiocetopsiSt  1303. 
PUsiocetus,  1303. 


^Plaiyiomatidm,    See  Corrigenda. 
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PUsiochelvida,  1096. 
Plesiochelys^  1096. 
PUsiogaU,  1438. 
PUsiomeryx,  1331. 
PUsiosaurida^  1074. 
PUiiosaurus,  1075. 
PUsiosorex,  1458. 
PUsiospermophiluSt  1421. 
PUsHodon,  1041. 
Pleuracanthida,  926. 
Pleuracanthus,  ^a6. 
PUuraspidotktrxum,  1288,  1457. 
PUurocctlus,  1 179. 
PUurodira,  1094. 
PUurodus^  939,  1066. 
PUuroUfis,  983. 
PUuroltchus,  1416. 
PUuronecHcUB,  1003. 
PUuronuray  1023. 
Pleuropholis,  987. 
PUuroplax,  939. 
PUurosauridcB^  wyj, 
PUurosaurus,  1137. 
PUurostemida,  1092. 
PUurosternuM,  1092. 
Pliaitckenia^  X335' 
Plinthophorus,  997. 
Pliohippus,  1361. 
Pliolophus,  1356. 
Pliorumus,  1009. 
Plioparchus,  1014. 
Pliopithecus,  1470. 
Plioplatycarpidie,  1143. 
Plioplatycarpus,  1143. 
Plioprion,  1267. 
PliosauruSt  loJSo. 
Plotida,  1238. 
Plolus,  X238. 
PneumatosteuSy  988. 
PnigeacanthuSy  965. 
Podocnemis,  iioo. 
Podocys,  1013. 
PoebrotheriidcBy  1334. 
Poebrotheriuviy  1334- 
PtBcilia,  1000. 
PaciioduSy  940. 
Pogonadon,  1446. 
Polcuanthus,  1161. 
Polycotylus,  1077. 
Poly  mastodon,  1269. 
Polymastodontida,  1269. 
Polyodon,  975. 
Polyonax,  1x63. 
Polyplocodus,  ^a 
Polyprotodontta,  \Qrj^, 
Polypterida,  974. 
Polypterus,  974. 
Polypivchodon,  1079. 
Polyrhizodus,  93a 
Polythorax,  1093. 
PomacanthuSt  1013. 
Pomacentridety  1004. 
Poinoptathus,  998. 
Ponitstes,  1306. 
Pontoporia,  1306. 
Porphyrio,  1233. 


Portheus,  998. 
Potamarchusy  1414. 
PotamochecruSy  1319. 
Potamotherium,  1427. 
Potorouiy  1286. 
Priacodon,  1277. 
Primates,  1463. 
PriodantcgnatAus,  1161. 
Prionodony  1438. 
PrionoduSy  921. 
Priscacara,  ZO04. 
PriscodelphinuSt  1308. 
PristidcB,  931. 
Pristi^enys,  loii. 
PristwphoiHda,  931. 
PristiopkoruSy  931. 
Pristifoma,  1014. 
Pristtpomatida,  1014. 
Pristis,  931. 
Pristiurus,  944. 
PristodonHdcBt  930. 
Pristodus,  930. 
Proalurus,  1444. 
Probatrachus,  1043. 
Proboscidea,  1390. 
ProbubaluSy  1350. 
Procanulus,  1334. 
Procardiatherium,  1414. 
Procellariida,  1232. 
Procolophon,  1065. 
Procolophonia,  10(65. 
Procolophonida,  1065. 
Procoptodon,  1287. 
ProcynictiSt  1288. 
ProcyoHy  1429. 
ProcyonidiBt  1429. 
Prodidelphia,  1273. 
Prodremotherium,  1333. 
Proechidna,  1266. 
Proganochelyida,  1096. 
Proganochelys,  1096. 
Proganosauria,  lorji, 
Prognathodus,  951. 
Progoura,  1234. 
ProhaUcites,  987. 
Prohalicorey  1309. 
Prohycena,  1433. 
Promefhitis,  1428. 
Promtnatheriumy  1324. 
Propalteotherium^  I3S7» 
PropappuSy  1056. 
Prophoca,  1423. 
Propithecus,  1466. 
PropUura,  1113. 
Propristis,  931. 
Propseudopus,  1x40. 
Propterus,  987. 
Prurastomus,  1310. 
Protacanthodes,  10 15. 
Protagrus,  1147. 
Protalpa,  1458. 
Protamia,  991. 
ProtapiruSy  1356. 
Protauckenia,  1335. 
Protautaga,  1004. 
Protechinomys^  1416. 
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PfvteidiSt  1041. 
ProUlopis^  996. 
Proterosauria,  1130, 
ProterosaunUt  1130. 
Proterotheriida,  1359. 
Proteroiherium^  1329,  1359. 
Proteus,  1041. 
Prothyracodon,  1355. 
Protobalutum^  10x5. 
Protockelys,  1094. 
Protodanta,  137a. 
Protogonia,  138^ 
ProtohipfuSt  136a 
ProtolaHs,  1334. 
Proiomeryx,  1333. 
ProtopelobcUes^  1043. 
Prvtophrynus,  Z044. 
Protopirata,  948. 
Proiopithecus,  1469. 
Protopsalis,  1452. 
ProtopteruSt  953. 
Protortodon,  1328. 
ProtomiSt  1242. 
Protosphargis,  1089. 
ProtosphyrtBna,  996. 
Protosphyntnida,  996. 
Protostega,  1089.  157a 
ProtosUgida,  1089. 
Prototheria,  1263. 
Protoxodon,  ij^ri* 
PrvtragelaphuSt  1348. 
Proin^oceroSt  1348. 
Protriton,  1023. 
Protritonida,  1023. 
Protopehbates,  1043. 
Protyfotherium,  1378. 
Provtverra,  145a. 
Proviverridat  14SX 
Psammochilys,  1096. 
Psammodontid€Bt  934* 
Psammodus,  934. 
Psephoderma,  1089,  1570. 
Psephodus,  934- 
Psephopkorus^  1091. 
Psepkurus,  975. 
PseudaluruSy  1445. 
PstudampkicyoHt  1434. 
Pseudoberyx,  loii. 
Pseudocktrus,  1285. 
Pseudocyon,  1433. 
PseudoeliginuSt  1007. 
PaudoUstodont  1298. 
PseudopUrodoH,  1451. 
Pseudopus,  1140. 
Pseudorca,  1307. 
Pseudorhinolophus,  1461. 
PseudosciuruSt  1421. 
Pseudotomus,  142a 
Pseudotrionyx,  1105. 
Pseudotroptust  1002. 
Pseudovomer^  1008. 
Psittacit  1241. 
Psittacida,  1241. 
Psittacotherium,  i409> 
Psittacus,  1241. 
PtenodracOt  laoa 


Ptenomis,  1230. 
Pteranodon,  1199. 
Ptercmodontia,  1198. 
PteranodontuUe,  11 99. 
PteraspididtB,  960. 
Pteraspis,  960. 
Pterichthys,  962. 
Pterocles,  1234. 
Pteroclida,  1234. 
Pterodactylida,  1x99. 
PUrodactylus,  x2oo. 
PterodoHy  1451. 
Pteroplax,  X037. 
PteropoditUB,  1460. 
Pterosauria^  xi99' 
Pterycollasaurus,  1145. 
Pterygocephalus,  1006. 
Pterygopterus,  987. 
PtiwduSt  lofrj, 
Ptyas,  1 146. 
Ptychodus,  936. 
Ptychogaster,  1x09. 
Ptychognathus,  1063. 
PtychoUfii,  987. 
pfychonagum,  X063. 
Piyctodus,  952. 
Ptyoniida^  Z025. 
Ptyonius,  1026. 
pfyonodus,  957. 
Puffinus,  1232. 
Pugmeodon,  X3X0. 
Puppi/^erus,  XXX3. 
Putonus,  1428. 
Pycnodontida,  983. 
Pycnadus,  984. 
Pycnosterinx,  1005. 
PygiBus,  10x4. 
Pygopodest  X232. 
Pygopterus,  978. 
Python,  1x47. 
Pythonida,  X146. 
Pythonomarpha,  XX43. 
Pyxis,  1x09. 

Quercitherium,  1453. 

^<2*tf,  933. 
Raiida,  933. 
Pallida,  X233. 
Rallus,  X233. 
i^ana,  1044. 
Ranavus,  1044. 
Rangijifer,  1341. 
Rantda,  1044. 
Raphiosaurus,  1139. 
Ratita,  1222. 
Regnosaurus,  ix6x. 
Remiomis,  layy, 
Reptilia,  X046. 
Rhabdolepis,  977. 
Rhahdosteus,  1308. 
Rhacheosaurus,  1189. 
Rhacolepis,  996. 
RhadiTtacanthus,  976. 
Rhadinichthys,  978. 
Rhagatherium,  X33a 
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Rhamphocefhalus,  1203. 
Rhamphorkynchida^  xaoi. 
Rhamphorhynchus^  I909. 
Rhamphosuchus,  1193. 
Rhamphosus,  1005. 
^A^a,  1228. 
^A^<?,  1328. 
RkeidcB,  1228. 
Rhina,  931. 
RhimasUs,  zoo2. 
Rhinellus,  995. 
Rhinobatidat  933. 
RhinobatuSt  933. 
Rhinoceros  t  1366. 
RhinoceroHda,  1364. 
Rhinochelys,  1098. 
Rhinogfuithus,  945. 
Rhinolopkidat  1461. 
RfUnolophus,  1461. 
Rhinoptera,  936. 
Rhinosaurus,  1033,  1x44. 
Rhiftoelossa,  1x4a. 
RhtzoaontitUB,  969. 
RhixodopHs,  971. 
Rkixodus,  97a 
Rhizomys,  1416. 
Rhixoprion,  1307. 
Rhod€us,  xooo. 
RhomaUosaurus,  Z079. 
Rhomhodipterida,  97X. 
Rhomboptyckius^  971. 
Rhombus,  X004. 
Rhopalodon,  1061. 
RhynchocephaHa,  1x31. 
Rhynchodes^  952. 
Rhynchodontida,  987. 
Rhyruhorhinus,  1002. 
RhynchosauridcB,  1x34. 
Rhynchosaurus,  1x35. 
Rhynchotus,  1232. 
RhytidosUus,  1032. 
Rhytina,  X31X. 
Rhytinida,  X3H. 
Rhytiodus,  131  x. 
Ribodon,  X356. 
Ricnodon,  io2j, 
Rita,  X002. 
Rodentia,  X4xx. 
Rupicapra,  X348. 

5fl/>fl,  1347. 
Salamandra,  X041. 
Salamandrida,  X04X. 
Salmonida,  994. 
Samotherium,  1345. 
Sandalodus^  939. 
Saniiherium,  1321. 
Saniva,  XX41. 
Sapheosaurus,  X137. 
Sarcophilus,  X279. 
Sarcothraustes,  1453. 
Sardinius,  994. 
Sardinoides,  994. 
Sargodon,  986,  X0X3. 
Sargus,  1012. 
Sauranodon,  1x27. 


Saurichthys,  988. 
Saurida,  98X. 
Saurillus,  1139. 
Saurischia,  XX51. 
Saurocephalid^B,  998. 
Saurocephalus,  998. 
Saurodon,  999. 
Saurodontidig,  986,  998. 
SauropUura,  1026. 
Sauropoda,  1x7a 
Sauropsida,  1046. 
Sauropsis,  989. 
Sauropterygia,  1067. 
Saurorhamphus,  997. 
Saurostemum,  1x37. 
Saurura,  1221. 
Saurus,  xooz. 
Scaldicetus,  X305. 
Scalibrinitherium,  1376. 
Scahposaurus,  1059. 
Scapanorhynchus,  945. 
Scaphaspis,  960. 
Scaphirhynchtis,  975. 
Scaphognaihus,  1202. 
Scaptophis,  1147. 
Scatophagus,  1013. 
Scelidosaurtda,  1160. 
Scelidosaurus,  1x60. 
Scelidotherium,  lagiS, 
Scepamodon,  X282. 
Schistopleurum,  1994. 

Schixodelphis,  1306. 

Scianurus,  X014. 

Scincida,  Z142. 

Scincus,  1x42. 

Sciuravus,  1420. 

Sciurida,  1420. 

Sciurodon,  1421. 

Sciuroides,  1421. 

Sciuromys,  142a 

Sciurus,  Z421. 

ScUrodermi,  10x5. 

Sclerorhynchus,  93X. 

Scolopacida,  X232. 

Scolopax,  1233. 

Scomber,  1007. 

Scomberodon,  1007. 

Scombresocida,  xooo, 

Scombrida,  1007. 

Scombroclupea,  995. 

Scopelidee,  looi. 

Scorpcena,  10x2. 

Scorpanida,  X012. 

ScylUidcB,  943. 

Scylliodus,  943. 

Scyllium,  943. 

Scymnus,  ^29. 

Scytahphts,  1x47. 

Seeleya,  lovj, 

Selache,  946. 

Selach^i,  928. 

SemioHCtus,  981. 

Semiophorus,  xoo8. 

Semnopithecus,  147a 

Serpentariidce,  1239. 

SerpentariuSt  1239. 
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Serranuj,  1013. 
SUboldiat  1041. 
Si^moduSt  969. 
Stiurida,  looi. 
SimadosaMria,  1133. 
Stmadosaurus,  Z133. 
Simiot  147a 
Simiida,  1470, 
SimocyoHt  1433. 
Simosaurus,  1072. 
Simflicidentatat  1413. 
Sifkfuust  1417. 
Stfhonostoma,  1014. 
StredoHy  1041. 
Siren,  1041. 
Sirenia,  1308. 
Sirenides,  1041. 
Sironectes,  1144. 
•S>//<x,  124a. 
Sittida,  1243. 
Sivatherium,  1344. 
Smerdis,  1013. 
SmiUrfeton,  1037. 
Smiloaon,  1449. 
Sminihus,  14x8. 
SoUa,  1004. 
Solenacodon,  ia68. 
SoUnognathus,  1005. 
Solenorkynchus,  10x4. 
SoUnostoma,  1014. 
SolenostomatidiBt  1014. 
Sorex,  1457. 
Soricida,  1457. 
SoricideTis,  1013. 
SfalacicUe,  1416. 
Spalacodon,  1281. 
SpalacotheriidcB,  iv^j. 
Spalacotfurium,  1277. 
Spaniodon,  995. 
Sfaniotherium,  1331. 
^parida,  Z012. 
Spamodus,  1012. 
Sparodus^  1024. 
Spathobatis,  933. 
Spatula,  1237. 
Speothos,  1436. 
Spermophilus,  1420. 
Sphctrodontida,  986. 
Spfuirodus,  986,  10x2. 
SpharoUpis,  978. 
Sfhagehranchus,  1002. 
Sphageopaa,  951. 
Sphargu,  1091. 
Sphenctcanthus,  941. 
Sphenocephalus,  lozi. 
Sphenodon,  1136. 
Spkenodontida,  1136. 
Sphenodantina,  1x34. 
Sphenodus,  945. 
Sphenolepis,  1000. 
Sphenosaurus,  X03X. 
Sfhenospondylus,  1156. 
Sphyrcena,  1006. 
Sphyranida,  1006. 
Sphyranodus,  1007 
Spkyma,  946. 


Sfiiuuida,  gag, 
Sfinax,  gag, 
^ondvlosaunts,  1080. 
SqualodoH,  1306. 
Squalodontida,  1306. 
Squaloraia,  950. 
Squahraiida,  95a 
Squamaia,  XX37. 
Squamipennes,  1013. 
Squatina,  931. 
Squatinida,  930. 
StagonoUpis,  X184. 
Staurotypus,  xxo6. 
Stegocephala,  1021. 
Stegockelys,  1098. 
Stegodon,  1395. 
Steganopodes,  1238. 
Stegosauridcs,  1161. 
Stegosaurus,  xi6i. 
SUmmatodus,  985. 
Steneofiber,  1420. 
SUfuosaums,  1x87. 
Steno,  1308. 
SUTtogaU,  1445. 
Stetiopelix,  XX64. 
Stenoplesictis,  X439. 
Stenostoma,  X012. 
Stenotephanus,  1378. 
Stephanodus,  X012. 
Stereoceros,  137X. 
Siereognathus,  1269. 
Stereorhachii,  io6a 
Stereospondyli,  1027. 
SUreostemum,  1070. 
Stemothtgrus,  1095. 
Sthenurui,  1287. 
Stichacantkus,  965. 
Siratodys,  998. 
Streblodus,  940. 
Strepsiceros,  1348. 
Strepsodus,  971. 
Strtges,  X240. 
StrigidtB,  1241. 
Strigilina,  929. 
Stringopida,  1241. 
Strix,  X241. 
Strobilodus,  989. 
Strophodus,  943. 
Struihio,  1228. 
Struthiolithus,  1228. 
Struihiones,  X228. 
StruthionidcB,  1228. 
Struthiosaurus,  1x63. 
Stylacodon,  1276. 
StyUmys,  1097,  IZ09. 
Sfylinodon,  141a 
Stylinodoniida,  X410. 
Stylodon,  1276. 
Stylodontida,  98X. 
Stypolofhus,  1452. 
Stumida^  X242. 
Subungulata,  1312. 
Suchosaurus,  1x90. 
Suida,  13x8. 
5»/a,  1239. 
5«j,  13x9. 
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Syllamus,  1005. 
Syllofhodus,  1416. 
Symoorodon^  '374. 
SyfUBtkeres^  141 5. 
Synechodus,  943. 
Syngnatkida,  Z014. 
Syngnathusy  Z014. 
Syngonosaurus^  1161. 
Systemodon,  1356. 

Tamiura,  937. 
Taligrada,  1385. 


T-fl/jto,  1457.'  " 
Talfavus,  1458. 
Taipida,  1457. 


Tapumdua,  1995. 
TVzmioj,  1421. 
TaniwhasauruSt  1144. 
TanystrophauSt  117a 
TapkoMtms,  146a. 
TaphrosphySt  logi^, 
TapinocepAalida,  1057. 
TapinocepAalus,  1057,  1569. 
Tapirida,  1354. 
Tapirotherium,  1319. 
Tapirulus,  1330. 
Tapirus,  1354. 
Tarrasiida,  968. 
Tarrasius,  968. 
Taiusia,  1392. 
Taurinichthys?'  1004. 
Taxeopodat  1378. 
Taxotherium,  1451. 
Tectospondyli^  928. 
Teiida,  1143. 
TeUidosauruSt  11 87 
TeUosauridiBt  iz86. 
TeUosaurus,  1x87. 
Teleosteit  ^^, 
TeUostomt,  ^02. 
TeUpholis,  looi. 
TeUrpetida,  1137. 
TeUrpeton,  1137. 
TelmatolesteSt  1466. 
Telmatomis,  1229. 
Tetnbotherium^  1377. 
Temnocyon^  i436« 
Temnodontosaurus,  xi. 
Temnospondyli,  1027. 
TVnx^tfj,  1240. 
TeratosauruSt  1167. 
Testudinata,  1091. 
Teshtdintda,  Z107. 
Teshido,  Z109. 
Tetrabelodon,  1395. 
Tetraceros,  1347. 
Tetraconodon^  X323> 
Tetracus,  1457. 
TeiragonoUpiSt  983. 
Tetrao,  1234. 
TetraonidtB,  Z234. 
Tetrapturus,  xozo. 
Tetraselenodon,  1330. 
Tetrasiylus,  Z4Z5. 


TetrodoH,  1015. 
Tetrosphys,  Z308. 
ThalassemySt  1103. 
Thalassictis,  Z439. 
Thalassochelys,  ZIZ4. 
Thamnophis,  ZZ46. 
TilaifiiMJ,  931. 
Thaumatacanihus,  947. 
Thaumatosaurus,  1079. 
Theciuhampsa,  1x94. 
ThecodoHtosaurus,  zi66. 
Thecophora^  Z09Z. 
Tkecospondylus,  Z179. 
TheloduSt  947. 
Tkeosodoftt  1376. 
Therapon,  Z013. 
Theridow^tidat  14x5. 
Tkeridomys,  Z416. 
TheriodesmuSt  Z969. 
ThtriodmUia^  1057. 
TkeriogfuUhuSt  1064. 
Theriosuchus,  119X. 
Theromara^  1053. 
Theromorpka^  1053. 
TheropUura,  io6a 
Theropoda,  1164. 
Theuritherium,  145X,  1453. 
TAinokyus,  X332. 
Thinolestes,  Z466. 
Tkinosaurus,  1x39. 
ThoatheriuM,  X359. 
Thollodus,  986. 
ThomomySt  X4X6. 
Tkoracophorus,  X994. 
ThoracopteruSt  987. 
Thortuosaurus^  'i93* 
ThrissoUpis,  978. 
Tkrissopaier,  ^. 
Thrissops,  990. 
Tkursius,  971. 
Tkyestes,  962. 
TkylacinuSy  1278. 
ThylacoUo,  1285. 
Thylacomorpkus,  X453. 
Tkynichthys^  zooi. 
T'Ai'ififvj,  Z007. 
ThyrsUes,  loxo. 
Tigristichust  1059,  '5^ 
Tulodontia,  X408. 
TillomySt  142a 
Tillotherium,  X408. 
Tinamus,  X232. 
Tinea,  xooo. 
Tinoceras,  1388. 
Tinosaurus,  XX39. 
Titanichthys,  965.  999. 
Titanomys,  X4Z3. 
Titanopkiiy  X148. 
Titanosaurus,  ii79> 
Titanosuchus,  X058. 
Tit€Motheriida»  X374. 
Titanoiheritim,  X374. 
Tolypeutes,  Z292. 
Tomarctus,  1433. 


1  Errort  Saurituchtkys.    See  Corrigenda. 
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Tamisioma,  1x93. 
Tomitherium^  1466. 
Tomodus,  940,  1378. 
Tomcgnathus,  999. 
Torpedinida^  934. 
Torpedo,  934, 
Totantu,  1233. 
Toxochelys,  1104. 
Toxodon,  1377. 
ToxodoHtia,  13761 
Toxodontida,  1376. 
Toxodontophanes,  1377. 
ToxodontoUurium^  X377* 
ToxoUs,  Z013. 
Trachinida^  xoaj, 
Trtxchinopsis,  1007. 
TracAinus,  ZO07. 
Trachodon,  1153. 
Trcuhodontida,  Z153. 
Trachyaspis,  zio6. 
Trachydermochelyst  1099. 
Trcuhynotus,  101a 
Trachyiheriumt  131 1. 
TragelaphuSt  1348. 
Tragoceros,  1349. 
Tragulida,  1333. 
Tragulus,  1333. 
Trechomys,  1416. 
TremataspiSf  962. 
Trematosaurus,  1036. 
Tretostemum,  1105. 
Triacanthadon,  1277. 
TribeUsodottt  1204. 
Tribodon^  I4X5* 
Tribonyx^  ia33' 
Triceratofs,  1163. 
Trichechtda,  1424. 
Trichechodon,  1424. 
Trichechus,  1424. 
TrtchiurichthySt  loia 
Trichiurida,  loio. 
Trichiurus,  loio. 
Triclis,  1287. 
Tricanodon,  1277. 
Triconodantida,  1277. 
TricuspodoH,  1288. 
TVifAx,  1006. 
Tn^lyfhus,  1269. 
Tng^aon^  i377» 
TritsodoH,  1453. 
Trinurorhachida,  1029. 
TriffutvrhachiSf  1032. 
Trinacrtmteron,  Z079. 
Tringa,  1233. 
Trionyckida,  11 17, 
TrioHyehoidea,  11 16. 
TrioftyXt  11 18. 
Trip/opus,  1356. 
Trtfrtodon,  1268. 
Tnstichapterus,  97a 
TristycAms,  941. 
Triton,  1041. 
Triiylodon,  1269. 
Trifyiodontida,  1269. 
TrocAicHs,  1427. 
TroglodyteSt  1470. 


TrogoH,  1242. 
Trogonidtg,  1242. 
Trogontherium^  X4Z9> 
Trogosus,  1408. 
Tropidemys,  1104. 
Tropidonotus,  1146. 
Tructfelis,  1449. 

Tv^pw.  937. 

Trygonida,  937. 
TrygonorAina,  933. 
TuStnara,  1232. 
Tuditanus,  1027. 
r«fr/aM,  1455. 
Tupaiida,  1455. 
TupinamHSt  1142. 
Tursiops,  1307. 
Tylosaurus,  Z144. 
TV^ttf,  965. 
TvpotAeriidi,  1377. 
TypotAerium,  1377,  1378. 
TypotAorax,  1137,  1182. 

UdenodoHt  Z064. 
UintacyoH,  Z437. 
UinteUAeriida,  Z38 
UintatAerium,  Z3*»« 
UintomiSf  Z242. 
Umdina,  973. 
Ungulata,  Z3Z2. 
Ufupida,  Z242. 
C/ria,  Z232. 
UrmiatAerium,  X344. 
Urocordylida,  1025. 
UrocordyluSt  Z025. 
UrolopAuSy  937. 
UronauteSt  Z082. 
UronemuSt  955. 
UrospAen,  X005. 
UrostAeneSt  978. 
Ursida,  Z43a 
t/rritf,  143Z. 

VampyruSt  Z463. 
Varanida,  ZZ4Z. 
Varanus^  ZX41. 
VecHsaurus,  iz6z« 
Vespertiliavus,  Z46a. 
Vespertilio,  Z46Z. 
Vespertilionida,  Z461. 
VesperugOt  Z46Z. 
Viferida,  XZ48. 
VtshnutAerium,  Z343. 
Viverra,  Z438. 
Viverravus,  I437» 
Viverrida,  X437. 
^(MPMT,  Z009. 
Vultur,  Z239. 

^anfx'a,  1569. 
WardicAiAys,  979. 
WodniAa,  94Z. 

XenacantAus,  926, 
Xenaspis,  96Z. 
XenorAyncAuj,  1238. 
XenuruSt  Z292. 
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XeromySt  1417. 
Xestofs,  1 141. 
Xifhias,  loio. 
Xtphiida,  zoia 
Xiphodon,  133a 
Xifhodontotkerium^  133a 
Xtphopteryx^  10  xo. 
XtphotrygoHy  937. 
XystretcanthuSt  947. 
Xystrodus,  94a 

ZanclodoM,  1167. 
Zanclus,  1009. 
Zapus,  1416. 


ZarAacAis,  1308. 
Z^atrhachySt  1032. 
Zeiodon,  1380. 
Zeuglodon,  1304. 
ZeuglodontuUBt  1304. 
Z^Kj,  1007. 
Ziphioides,  1305. 
ZAphius,  1305. 
ZooliguSt  1331. 
Z>!if(enr<7,  946. 
Zygobates,  936. 
Zygomaturtts,  laSa. 
Zygosaurus,  1031. 
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Abies,  1537. 
Adietina,  1536. 
Acacia,  iSSoT 
'^c^r,  1553. 
Acetabularia,  1491. 
Achras,  1557. 
Acorus,  1542. 
Actinostrobus,  1536. 
Adiantites,  1504. 
Adiantum,  1504. 
AUsculina,  1553. 
^scultts,  1553. 
AgaviUs,  1539. 
AggregattB,  1558. 
AUanthus,  1553. 
Albertia,  1534. 
AUthopteridcB,  1509. 
AUthopteris,  1504,  1509. 
y4M?,  1488. 
Aiisma,  1543. 
Aiismacea,  1543. 
Alnites,  1545. 
Alnophyllum,  1545. 
y4/«i«,  1545. 
Alsophila,  1503. 
Amelianchier,  1555. 
Amentacecs,  1544. 
Amomocarpum,  1543. 
AmomophyUum,  1543. 
AmygdaUtB,  1555. 
Amygdalus,  1555. 
Amyris,  1553. 
Anacardiacea,  1553. 
Anacardiies,  1553. 
Anacardium,  1553. 
Anchietea,  1550. 
Andriana,  1510. 
Andromeda,  1557. 
Andromedites,  1557. 
Aneimeites,  1506. 
Angiopteridium,  15x1. 
AngiospermcB,  1538. 
Annularia,  15x6. 
Ancectomeria,  1550. 


Anotnopieris,  15x0. 
Anomotamites,  1537. 
Anona,  1550. 
Anonaceee,  1550. 
Antholithus,  1530. 
Apeiha,  1551. 
Apeibofsis,  1551. 
Apetaue,  1544. 
Apocyanacea,  1558. 
Apocynofhyllum,  1558. 
Aquifoliacea,  1554. 
Aracets,  1543. 
Aralia,  1554. 
Aralietcece,  1554. 
Araucaria,  1533. 
Araucariece,  1533. 
Araucarioxylon,  1531. 
Araucarites,  1533. 
Arbutites,  1557. 
Arbutus,  1557. 
ArchiBocalamites,  1517. 
Archceopteridea,  1505. 
Archceopteris,  1505. 
Archagaricon,  1499. 
Ardisia,  1^57. 
Aristolochta,  X557. 
Aristolochiacea,  1556. 
Ardides,  1539. 
Arbites,  X543. 
Aronites,  1542. 
Arthropitys,  X516. 
Arthrostigma,  X5X8. 
Artiocarpidium,  1547. 
Artiocarpoides,  1547. 
Artisia,  1531. 
Artocarpus,  X547. 
Arundites,  X543. 
Arundo,  1543. 
Asimina,  1550. 
AsperifoliacecB,  X558. 
Aspidiea,  1505. 
Aspidium,  1505. 
Aspleniea,  1504. 
Asplenium,  1504. 
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Asterocalamites,  1516,  1517. 
AsterocUBna,  1503. 
Asterophyllites,  1516. 
Asterophyllum^  1517. 
Azalea,  1557. 

Bactryllium,  1490. 
Balanophoracea,  1557. 
Bambusa,  1542. 
Bambuiium,  1539,  1543. 
Banisteria,  1553. 
Banksia,  1555. 
BanksiteSt  1555. 
BauAinia,  1556. 
Beania,  1538. 
BeUmnofieris,  151 1. 
BennetMeSt  1538. 
Bensonia,  1539. 
Berberidacea,  1548. 
Berberis,  1548. 
Berr hernia  t  1554. 
Betula,  1545* 
Betulophyllum,  1545. 
Bicomes,  1557. 
Bidentites,  1559. 
Bifnonia,  1558. 
Btpwniatea,  1558. 
Btlobites,  1481. 
Biota,  1536. 
Bixacea,  1551. 
Blechnum,  1504. 
Bolbodium,  1528. 
Bombacea,  1551. 
Bombax,  1551. 
BrachyfhyUun,  1535. 
Bromelia,  1540. 
Bromeliacea,  1540^ 
Bryofhyta,  1500. 
Bucklandia,  1528. 
Bumelia,  1557. 
Buthotrepkts,  148a. 
Butotnus,  1543. 
Buxacea,  1554. 

Casal^nia,  1556. 
Casaifiniaceat  1556. 
CtBsalpinites,  1556. 
Calamiiea,  1515. 
Calamites,  1516. 
Calamocladus,  1516. 
Calamodendron,  1517. 
Calamopsis,  1540. 
Calamostachys,  1516. 
Callipteridium,  1509. 
Callifteris,  1509. 
Calhstemophyllum,  1555. 
Callitris,  1536. 
Callymatotheca,  1505. 
Campanulinee,  1558. 
Camptophyllum,  1537. 
Camptopieris,  1511. 
Canna,  1543. 
Cannophyllttest  1543. 
Caprijbfiacece,  1558. 
Cardiocarpus,  1530. 
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CardiopterU,  1508. 
Cafvjr,  1543. 
Carpinus,  1545. 
Carpolithes,  1550. 
Carpoliihus,  1530. 
Carya,  1546. 
Cassia,  1556. 
CastaTua,  1545. 
Castanofsis,  1545. 
Casuartna,  1544. 
Casuarinidte,  1544. 
Catalpa,  1558. 
Cauda  Galli,  1483. 
Caulinites,  154a. 
Caulopteris,  1511. 
Cedrus,  1537. 
Celastracea,  1553. 
Celastrinites,  1553. 
Celastropkyllum,  1553. 
Celastrus,  1553. 
0/^«,  1547. 
Centrospernue,  1547. 
Cephalotaxus,  1532. 
Ceratonia,  1556. 
Ceratophylea,  1547. 
Ceratosamia,  1526. 
Cercis,  15561 
Chamaocypris,  1536. 
ChanueropSt  154a 
Chara,  1498. 
Charaeea,  1497. 
Chilanthes,  1504. 
Chirolepis,  1535. 
Chiropteris,  1502. 
ChlorosporetB,  1491. 
Chondrites,  1489. 
Chondrophyllum,  1554. 
Choripetaue,  1544. 
Choroniopterist  1503. 
Cinnamomum,  1548. 
Cissites,  1554. 
Cmjitj,  1554. 
Cistacea,  1551. 
Cistijlora,  ISSP. 
Cistus,  iS5i7 
Cladophlebis,  1504. 
Claihropodium,  1528. 
Clathrofteris,  1511. 
Clematts,  Z55a 
Coccolabis,  1548. 
Coccoliths,  1495. 
Coccospheres,  1496. 
Cocculus,  1548. 
Ceelotrochium,  1493. 
Columnifgra,  1551. 
Colutea,  1556. 
Combretacea,  1555. 
Comfosita,  1558. 
Contfera,  1531. 
Contopteris,  1503. 
Convolvulus,  1558. 
Contorta,  1558. 
Copaifera,  1556. 
CoraUina,  1495. 
Corallines,  1495. 
Cordaitea,  1539. 


Digitized  by  LjOOQ  IC 


INDEX. 


1619 


Cordaiies,  1530. 
Coriaria,  1552. 
Coriariace(8t  155a. 
Cormophyta,  1500. 
Comacea,  1554. 
ComuSt  1554. 
Corylus,  1545. 
CotonetLSter,  1556. 
Cratagus,  1556. 
Credneria^  I547« 
CrentatopUris,  1510. 
Crossochorda^  148a. 
Crossopodia,  148a. 
Cruciferw,  1550. 
Ctenophyllum,  IS^J. 
Cienopteris,  1508. 
Cunninghamia,  1534. 
Cunninghamites,  1534. 
Cupania,  155a. 
CupaniteSy  Z55a. 
Cupanoides,  1553. 
CupressinetB,  1535. 
Cupressus,  1536. 
CupHli/ene,  1544. 
Cyaihecacea,  1503. 
Cyatheopteris,  151a. 
Cyathofiths,  1496. 
Cycadaceity  1535. 
Cycadta^  1526. 
Cycadeospermum,  1538. 
Cycadites,  1526. 
Cycadoidea,  1538. 
Cycadopteris,  1510. 
Cycadospadix,  1538.- 
Cycas,  1536. 
Cyclantfuuea,  1541. 
Cyclopitys,  1534. 
Cyclopteris,  1^06, 
Cyclostigma,  1531. 
Cylindropodium,  1538. 
Cymodocea,  1543. 
Cymopolia,  1491,  1493. 
Cyparissidium,  1535. 
Cyp<racea,  1543. 
CypeHUs,  1543. 
Cyperus,  1543. 
Cypselites,  1559. 
Cytisus,  1556. 
CzekanawsHa,  1533. 

Dactylopora,  1493.  1494* 
Dacfylapteris,  151a. 
Dactylotheca,  1509. 
Dadoxyloitt  1531. 
DcUbergia,  1556. 
Dammara,  1533. 
DammariteSy  1533. 
Danaa,  1302. 
Dafutites,  1503. 
Dan€eopsis,  1503. 
Daphne,  1555. 
Dibea,  1^50. 
DeUsserta,  1495. 
DewaJqueay  155a 
Diatomacea,  1489. 
Dickoneuron^  1539. 


Dickopteris,  15 10. 
Dicksonia,  1503. 
DicotykB,  1543. 
DicranophvUum,  153a. 
DiciyocoraaiteSt  1539. 
Dictyopkyllum,  151 1. 
Diciyopteride<By  1511. 
Dictyopteris,  1507. 
DiciyozamiteSy  1537. 
Didymosorus,  1503. 
Dioscoreuy  1539. 
Dioscoreacea,  1539. 
DioscoriUSy  1539. 
Diospyrina,  1557. 
Diosfyrosy  1558. 
Dipiopora,  149 1. 
Dtfierocarpeay  1551. 
DtpterocarpuSy  1551. 
Discoliths,  Z496. 
DodofKBa,  1553. 
DomheyopsiSy  155X. 
Dracana,  1539. 
Drepanocarpus,  1556. 
Dryandra,  1555. 
DryandroidtSy  1555. 
Dryophyllumy  1545. 

Ebenacea,  1557. 
EckinostachySy  1539. 
Echinostrobus,  1535. 
Echitonium,  1558. 
Elaocarpus,  1551. 
Elatides,  1536^ 
EUagnace<By  1555. 
EUagnus,  1555. 
Embot/uites,  1555. 
Empetracea,  1554. 
Enantioblasta,  1540. 
EncephalartetEy  1536. 
Encephalarios,  1526. 
Engelhardtiay  1546. 
Eopteris,  1485. 
Efhedra,  1537. 
Equiset(ue<g,  1514. 
Bquisetea,  15x4. 
Equisetites,  15 14. 
Equisetum,  15x4. 
Eremopteris,  1505. 
^r«:a,  1557. 
Ericacea,  1557. 
Eriocauhn,  Z54a 
ErviteSy  1556. 
Erythina,  1556. 
Ettingshausia,  1547. 
Eucalyptus,  1555. 
EuoHomuSy  1553. 
EuphorHacea,  1554. 

/Jiz,^Kj,  1545. 
FascicuttUs,  154a 
Ficonium,  1547. 
Ficus,  1547. 
FUldenia,  153a. 
Filicacea,  1501. 
FilictSy  150a. 
FiliciteSy  1503. 
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fittonia,  1528. 
Flahellaria,  1540. 
FloridetB,  1495. 
ForskohUa,  1547. 
FonkohUantkemum^  1547. 
Fracastella,  1551. 
Frang^ulintB,  1553. 
Fraxinus,  1558. 
Frenela,  1536. 
Frtnelopsis,  1536. 
FrexUra,  1551. 
Fucacea^  14901. 
/^««^\  1498. 

Gatnopetala,  1544. 
GangamopteridU<B,  151 1. 
Gangamopteris,  1511. 
Gardenia,  1558. 
GasiroloHum,  1556. 
Gaultheria,  1557. 
Geinitzia,  1535. 
Genista,  1556. 
GenHanace(B,  1558. 
Geranium,  iS5i- 
Ginkophyllum,  1529,  1531. 
Gleditschia,  1556. 
Gleichenia,  1503. 
Gleicheniacea,  1503. 
Gleichenites,  1503. 
Glouopteris,  151 1. 
Glossozamites,  1526. 
Glumijlora,  1542. 
Gfyptodendrvn,  1483. 
GlyptoUpidium,  1534. 
GlyptoUpis,  1534. 
Glyptostrobus,  1534. 
Gnetacea,  1537. 
Gnetum,  1537. 
Goniolina,  1541. 
Graminea,  1542. 
GrevilUa,  1551. 
Grema,  1551. 
Grewiopsis,  1551. 
Gruinales,  1551. 
Guajacites,  1552. 
Gymnosfemue,  1525. 
GynananB,  1543. 
Gyrogonites,  1498. 
Gyroportlla,  1493,  1494. 

Haliserites,  1518. 
Hallonia,  152a 
Halorhagidacea,  1555. 
Hamanulidacea,  1554. 
Hamamelites,  1554- 
Hedera,  1554. 
Helleborites,  i5sa 
Helleborus,  1550. 
Hellobia,  1543. 
Hepatica,  1501. 
HeterophylletB,  1556. 
Heterosporea,  1518. 
Hewardia,  1504. 
Hieracites,  1559. 
Hippocratea,  1554- 
HxppocraUacea,  1554. 


Hirtea,  1553. 
Holopleura,  Z55a 
Hydrocharis,  1543. 
Hydrocharitacete,  1543. 
Hydrocharites,  1543. 

Hymenophyltaceee,  1503. 
Hymenophyllumt  1503. 
Hyoserites,  1559. 

//^JT,  1554. 
Indigo/era,  1556. 
/»^a,  1556. 
Inolepis,  1535. 
Iridacea,  1539. 
/rw,  1539. 
Isoetea,  1521. 
Isoites,  1 521. 
Isosporea,  1517. 

Tuglandacea,  1546. 
Juglandites,  1546. 
Juglans,  1546. 
/«»^-a^^<;,  1539. 
/K^zcj,  1539. 
fungermanniacea,  1501. 
funiperus,  1536. 

Kaidacarpym,  1541. 
Kieselguhr,  X49a 
Kiggelaria,  1551. 
Knightia,  1555. 
Knightites,  1555. 
Knorria,  152a 
Koelrtuteria,  1552. 

LabiataftortB,  1558. 
Lacopteris,  1510. 
Laharpia,  1543. 
Laportea,  1547. 

^«*.  1537- 
Larvaria,  1493. 
LastrtEa,  1505. 
Lauracea,  1548. 
Laurus,  1548. 
Leguminosa,  1556. 
Leguminosites,  1556. 
Lemna,  1542. 
Lemnophyllum,  1542. 
Lepidodendreee,  1520. 
Lepidodendron,  152a 
Lepidophlosus,  1521. 
Lepidopteris,  151a 
Lepidostrobus,  152a 
Leptomeria,  1557. 
Leptophltsum,  1521. 
Leptospermites,  1555. 
Leptostrobus,  1534. 
Leucothea,  1557. 
Librocedrus,  1536. 
Lichens,  1499. 
Licrofhycus,  1482. 
Lip^iata,  1518. 
Ltliacete,  1539. 
lAliiJiora,  1539. 
LinacetB,  1552. 
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Linufrtt  1552. 
Liquidambar,  1554. 
Liriodendron,  1548. 
Lithothamnion^  lA^* 
Litsaa,  1548. 
Lomatia,  1555. 
Lomaiites,  1555. 
Lomatophlasus,  1521. 
Lomatopteride(E,  1510. 
Lomatopteris,  15x0. 
Lonckopteris,  1509. 
Lonicera,  1558. 
Ludavica,  1541. 
Ludaviofsis,  1541. 
I.ycopodiacecs,  1517. 
LycopodUa^  1518. 
Lycopodites,  1518." 
Lycopodium^  15 18. 
Lygodium,  1503. 
Lythraricuece,  1555. 

Maccliniockia,  1547. 
Macropterygium,  1527. 
Macrostackya,  15 16. 
Macrotaniopteris,  1510. 
Macroxamia^  'i^'^^. 
Magnolia^  i54^* 
Ma^ncliaceee,  1548. 
Majanthemophyllum^  z539* 
Malfi/^hiacea,  1553. 
Maipighiastrum,  1553. 
Maivacece,  1551. 
Mantellia,  1528. 
AfarantacetB,  1543. 
Maraitia,  1502. 
MarattiacetB,  1502. 
MarattiopsiSf  1511. 
Marchantia,  1501. 
Mariofteris,  1509. 
Marnlia,  15x2. 
MarsilicuetB,  15x2. 
Marsilidium,  15 12. 
Marsaria,  1510. 
Matonidium^  1510. 
MayUnus,  1554. 
Megaphyton,  151  x. 
Melastomacea,  1555. 
Afelastomites,  1555. 
Melobesia,  1495. 
Menispermacea,  1548. 
Menispermites,  1548. 
Merianofteris,  i^io, 
Mertensta,  1503. 
Metrosideros,  1555. 
Micropodium,  1556. 
Mimosa,  1556. 
Mimosacea,  1556. 
Monocotyles,  1538. 
Moriconia,  1536. 
Morus,  1547. 
Af»ja,  X543. 
Musacece,  1543. 
Musafkyllum^  1543. 
Musct,  x5oa 
Mvricat  1546. 
Myricacea,  1546. 


Myrsine,  1557. 
MyrsiniacetB^  X557. 
»ii»V«,  1557. 

EflM^*<»,  1555- 
^^<0n;,  1555. 
Myriophyllum,  1555. 
Myrhis,  1555. 

Naiadacete,  154a. 
Naiadita,  1539. 
Naieu,  1542. 
Nelumbium,  1550. 
Nematodendrea,  1484. 
Nentatophyton,  14&4. 
Neameris,  1491. 
Nephelium,  1552, 
Neriunit  1^58. 
Nevroptertde<B,  1506, 
Neuropteridium,  1507. 
Neuropteris,  1506. 
Nilssoniut  1527. 
iVi^,  1 541. 
Ntpadites,  X541. 
Nttella,  1498. 
Nceggerathia,  1529. 
Noeggerathiea,  1529. 
Nceggerathiopsis,  1528. 
Nordenskicttdia,  1551. 
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NoteUea,  1558. 
NuUipores,  1496. 
Nuphar,  1550. 
Nvmphaea,  1550. 
NympheeacetB,  1550. 
Mymphaites,  1550. 
A>«a,  1554. 
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Odontopteris,  X508. 
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OUacea,  1558. 
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OUandridium,  1511. 
Oligocarpia,  1505, 
Onoclea,  1503. 
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Osmunda,  1503. 
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Oj/rya,  1545. 
OjyrM,  1557. 
Otozamites,  1527. 
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Oxylobium,  1556. 
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PolypetaUg,  1544. 
Polypodiacea,  1503. 
PoModie€B,  1504. 
Polypodium,  1504. 
PomaucB,  1555. 
Populus,  1546. 
Posidonia,  1542. 
Potamo^toH,  1542. 
Pothocites,  X510,  1542. 
Primulina,  1557. 
Prosopis,  1556. 
Protamyris,  1552. 
Protannularia,  15 14. 
ProteaeetB,  X555. 
Protoficus,  1547. 
Protogens,  1480. 
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Rhoidina,  1550. 
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RoHjhnB,  1555. 
Rubiace<B,  1558. 
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Rutacea,  1552. 

Saba  I,  154a 
Sagenopteris,  15 12. 
Sagittaria,  1543. 
Salicacetp,  1546. 
Salisburia,  1532. 
Salix,  1546. 
Salsola,  1548. 
Salvinia,  1512. 
SalviniacetE,  15 12. 
Santalacea^  I557« 
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Sapindacea,  1552. 
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SapotacecB,  1557. 
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Sauntja,  1551. 
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Schizeace(B,  1502. 
Schizoneura,  1514. 
Schizoneurea,  1514. 
Sciadopitys,  1534. 
Scirpus,  1543. 
Sci/aminea,  1543. 
ScUropteris,  1510. 
Selaginella,  15 19. 
Selaginellea,  15 19. 
Sequoia,  1534. 
Sigiliarea,  1521. 
Sigillaria,  1521. 
Silpkidium,  1559. 
SimarubacecB,  1^52. 
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Smilacina,  1539. 
Smilax,  1539. 
Solanacea,  1558. 
Solanites,  1558. 
SpadiciJhr(B,  1540. 
Sparganium,  1542. 
Spfusrococcites,  1495. 
Sphagnum,  \<po, 
Sphallopteris,  1512. 
Sphenophyllum,  1513.* 
SphenopteridetB,  1505. 
SphenopUridium,  1505. 
Sphenapteris,  1505. 
Sphenotkallus,  X483. 
Sphenozamites,  1527. 
Spirangium,  1538. 
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Sporangites,  X484,  1512. 
Stachannularia,  1516. 
Stachypteris,  151a 
StaphyUa,  1553. 
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Sterculiacea,  1551. 
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Stichopteris,  1509. 
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Sussea,  1541. 
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Taniopteridea,  1510. 
Taniopterist  1510- 
Taxinea,  1531. 
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Temstramiacees,  1551. 
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Trapa,  1555. 
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Tricocca,  1554. 
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Trigonocarpus,  1523,  1530. 
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Tripoli,  1490. 
Trizygia,  1513. 
Tubi^ora,  1558. 
Tymtanopkctra,  1503. 
rK^Aa,  1542. 
Tvphacece,  1542. 
Typhaolaipum,  1542. 

Ullmannia,  1533. 
Ulmacea,  1547. 
Ulmus,  1547. 
Ulodendron,  1520,  1523. 
UmbelliJIortB,  1554. 
Umaiopteris,  1505. 
Urtica,  1547. 
Urticace(F,  1547. 
Urticina,  1547. 
UUria,  1493,  i494* 

Vacciniacea,  1557. 
Vaccinium,  1557. 
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Vertebraria,  151 7. 
Viburnum,  1558. 
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Violacea,  1550. 
Vitac€(B,  1554. 
FjVtj,  1554. 
Volfcmannia,  15 16. 
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Williamsonia,  1528,  1541. 
Woodwardia,  1504. 
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Xanthoxyhn,  1552. 
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Zamtostrobus,  1528. 
Zamites,  1526. 
y^eilleria,  1505. 
ZingiberaceiB^  I543* 
Zingiberitest  1543* 
Zizyphus,  1554. 
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